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No. of in- No. of in- _ Acute 
fected quarters fected quarters infections 


after 8 mo. during 
8 mo. 


Av. normal Av. antitoxin 


antitoxin titer 1 mo. 
No. of titer after 2nd at time of 
injection vaccination 


cows 
10 


Vaccinated* 45 12 1.U./ml. 33 1.U./ml. 46 40 ( 
Control 35 10 1.U./ml. 10 1.U./mil. 29 33 19 


*Vaccination procedure: two injections of 10 ml. of bacterin-toxoid at four-week intervals. 
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Fall fresheners are doubly in 
need of the best possible protec- 
tion against staphylococcal 
mastitis. 

(1) Immediately following 
calving, the cow reaches her 
highest peak of production, and 
(2) during the fall and winter 
stabling period the highest inci- 
dence of mastitis occurs. 

The seriousness of the prob- 
lem of staphylococcal mastitis is 
steadily increasing as pointed up 
by the reports of many veteri- 
narians who state that from 40 to 
60 per cent of the cases they are 
called on to treat can be attribut- 
ed to the persistent staphylo- 
coccic organism. 

Vaccination with Cyanamid 
Staphylococcus Aureus Toxoid 
Slanetz Strain No. 7 should pre- 
ferably be carried out prior to 
freshening, although this pro- 
gram also can be carried out 
effectively and safely at any 
point during the lactation period, 
as well as while the cow is dry. 
Procedure calls for 5 cc. intra- 
muscularly, repeated in one 
month and annually thereafter. 

Complete vaccination of the 


STAPHYLOCOCCUS AUREUS TOXOID, 
SLANETZ STRAIN No. 7 is available in 
vials’of 50 cc. and 250 ce. 


entire milking herd has proved 
effective in preventing the spread 
of staphylococcal mastitis to non- 
infected cows and preventing 
acute cases in cows already 
infected. 

Cyanamid Staphylococcus 
Aureus Toxoid was developed 
and tested by Dr. L. W. Slanetz 
and his associates at the Univer- 
sity of New Hampshire and has 
established a record of high 
efficacy in professional use by 
veterinarians. 

Cyanamid has developed a 
complete, highly practical and 
effective mastitis control pro- 
gram around Staphylococcus 
Aureus Toxoid. This program at- 
tacks the mastitis problem in all 
its phases—and requires the 
dairyman to utilize the continu- 
ing supervision, guidance and 
professional services of his 
veterinarian. 

If you would like the pro- 
cedure booklet on the Cyanamid 
Mastitis Control Program, please 
write to Veterinary Professional 
Service Department, American 
Cyanamid Company, Princeton, 
New Jersey. 
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Oxalate Formation in Moldy Feedstuffs as a Possible 
Factor in Livestock Toxic Disease 


Benjamin J. Wilson, M.S., Ph.D., and Christina H. Wilson, R.N. 


SUMMARY 


Sixteen strains of fungi, including rep- 
resentatives of toxigenic species, were 
studied for toxigenicity in relation to oxa- 
late formation. In addition to those pre- 
viously identified as oxalate-positive, 
three additional species, Aspergillus lu- 
chuensis, Aspergillus flavus, and an un- 
identified Aspergillus sp. were found to 
be oxalate-positive and lethal for mice. 
Mice injected intraperitoneally with cul- 
ture filtrate or culture-extracted oxalate 
salts developed central nervous system 
signs and lethal effects characteristic of 
acute oxalate poisoning. 

Inoculation of several feedstuffs with 
individual oxalate-forming species gave 
rise to significant quantities of this or- 
ganic acid. Analyses of infected wheat, 
oats, and Bermuda grass hay revealed 
oxalate well in excess of that theoretically 
required to precipitate all calcium pres- 
ent, under optimal conditions. Growth 
on various preparations of corn feeds re- 
sulted in very small increments of oxalate 
in instances. niger 
growth produced marked increases of 
oxalate in hay and oats at both 26 C. and 


Aspergillus 
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35 C., beginning three days after inocula- 
tion and continuing for at least 12 to 15 
days. Moldy grain corn, causing hepatitis 
x disease in dogs, contained normal quan- 
tities. In most feeds, a direct relationship 
was evident between the quantity of ox- 
alate produced by mold contamination 
and the quantity of calcium present, sug- 
gesting a chemical combination of these 
substances within the feed. 

Some individual and mixed feed prepa- 
rations supported fungus growth and oxa- 
late formation at levels not potentially 
capable of effecting a complete calcium 
deficiency. However, quantities produced 
were sufficient theoretically to precipi- 
tate a large portion of the total calcium, 
given optimal conditions for chemical 
combination. 

Mice developed signs of severe mal- 
nutrition and died within a few days after 
being placed on a diet of moldy feed con- 
taining excess oxalate. Lightly infected 
feed caused weight losses but no deaths 
over a 30-day period. Survivors that were 
returned to regular diet recovered in most 
cases. Rabbits and guinea pigs fed moldy 
food not containing excess oxalate lost 
much weight but at no time had overt 
signs of acute oxalate poisoning. 


INTRODUCTION 
During a preliminary study of certain 
toxigenic fungi,’ crystalline substances 
with lethal properties for mice and rabbits 
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were extracted from culture filtrates of 
Aspergillus luchuensis. Intradermal injec- 
tion in guinea pigs resulted in formation 
of a lesion with a dark necrotic center, 
while topical application elicited no effect. 
Chemical analysis of these materials indi- 
cated oxalic acid principle as the water 
soluble salt. The intraperitoneal lethal 
dose for 50% (IPLDs9) of 20- to 25-Gm. 
mice was about 3 mg. Death, preceded by 
tetany and convulsions, usually occurred 
within five to 30 minutes after injection. 

Oxalate production by various species of 
commonly encountered fungi was known 
as early as 1887.'' Extensive experiments 
by Wehmer ** on factors affecting oxalate 
formation in culture mediums suggested 
the desirability of patenting the biologic 
process for possible commercial applica- 
tion. Chemical methods for obtaining ox- 
alic acid and oxalate salts soon proved 
more practical. 

The possibility that this substance is 
elaborated in dangerous quantities in 
moldy feeds has not been seriously con- 
sidered. Currie and Thom® speculated 
that quantities significant in food chemis- 
try might be produced only by one species 
with which they worked, Penicillium oxali- 
cum. In this respect P. oxalicum compared 
favorably with Aspergillus niger, then 
considered the greatest oxalate producer. 

Early studies had demonstrated that 
various filamentous and fleshy fungi were 
capable of degrading food substrates to 
oxalate. The filamentous organisms in- 
cluded A. niger, Botrytis cinerea, Rhizopus 
nigricans, Phycomyces nitens, Pilobilus 
erystallinus, and Mucor mucedo.1! Twenty- 
three species of Penicillium were reported 
oxalate-positive by Currie and Thom.® 

A possible relationship between mold ox- 
alate and various epizooties of mycotoxi- 
cosis is supported by identifying certain 
clinical signs seen in these epizootics,** °° 
with those of halogeton poisoning and 
other hypocalcemic states in animals.}®: 75 
Such a relationshin, if established, would 
indieate that oxalate is yet another toxic 
substance to be included with those de- 
scribed in certain cases of moldy feed 
poisoning.® 3,9, 20 

The following laboratory experiments 
were performed to obtain preliminary in- 
formation on this possibility. 


Experimental Procedure and Results 


Oxalate-Producing Properties and Toxigenicity 
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of Available 
collected 


Stock 


strains of 


Strains of Fungi. Several 
fungi, including 
tives of species reportedly toxigenic, were screened 
for toxigenicity and ability to form oxalate. Each 
was inoculated into flasks of Sabouraud-dextrose 
broth, pH 6.0, containing 0.05M 
Experience had shown this medium supported ex 
cellent growth and oxalate production by A. 
and A. luchuensis in both static and shaking cul 
tures. All cultures with 
at 26 C. for a period of One-millilite: 
samples of the different culture filtrates were ana 
lyzed by precipitation of the oxalate with calcium 
acetate at pH 4.0 and titration with 0.01N potas 

70C. Toxicity 
intraperitoneally, 1 ml. of 
white weighing 20 to 


representa 


sodium acetate. 


nigel 


were incubated shaking 


15 days. 


sium permanganate at was deter 
mined by injecting, 
filtrate into 6 
25 Gm. 

The results of this preliminary survey 
and other data relative to each species are 
shown (Table 1). Filtrates of the oxalate- 
producing aspergilli caused death in mice 
within a period of a few minutes to four 
days. In every case of fungus oxalate 
poisoning, typical signs were noticed 5 
to 30 minutes after injection. These in- 
cluded tremors of the head, wobbling gait, 
and general incoordination of movements. 
Those dying within the first hour had con- 
vulsions culminating in hyperextension of 
the limbs, arched back, apnea, and respira- 
tory paralysis. These terminal attacks 
were sometimes evoked by moderate stimuli 
and were similar to those of strychnine 
poisoning. Culture filtrates containing the 
most oxalate killed within a few minutes 
after injection, while those with smaller 
amounts required correspondingly longer 
periods of time. 

Previous work with the A. »iger and 
A. luchuensis strains has shown that tox- 
icity resides principally, if not solely, in 
oxalate salts produced in large quantities 
under optimal culture conditions. Certain 
strains of Penicillium rubrum, Penicillium 
citrinum, and Aspergillus clavatus have 
been known to produce toxic antibiotic 
substances which may account for the ef- 
fects observed in this study. Culture fil- 
trates of the other potentially toxigenic 
however, did not manifest any 
untoward effect in mice under these experi- 
mental conditions. 

Oxalate 


in Various 


each mice 


species, 


Formation as a Result of Mold Growth 
Livestock Feedstuffs. 
quantities of whole grain cereals were placed ir 
separate 2-liter Erlenmeyer or Fernbach flasks, 
100 to 150 ml. of water added, and the 
flasks were autoclaved for 45 minutes. Senerate 
samples of different feeds were inoculated re- 
spectively with the various fungus species under 


Fifty-gram 


was 
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consideration. The flasks were shaken once daily 
during the first week to distribute the developing 
mycelium and throughout the grains. 
Samples of Bermuda grass hay were dispensed 
in 20-Gm. quantities. Other test feed materials 
were prepared in quantities adequate for calcium 
and oxalate assays and animal feeding tests. Incu 
bation was earried out at 26 C. (79 F.) for 15 
days. Following this period, contents of the flasks 
were dried for 48 hours at 90 C., and ground to 
2- to 3-mm. particles. A 2.5-Gm. sample was ex- 
tracted from fungus-feed 
the total oxalate was determined according to the 
method of Moir.” To determine calcium content, 
2-Gm, quantities were ashed and extracted with 
0.25N HCl. Duplicate portions of this extract 
were assayed by the method of Clark and Collip.’ 

Table 2 gives the total calcium and ox- 
alate found in normal and contaminated 
wheat, oats, Bermuda grass hay, and corn. 


spore Ss 


each preparation, and 
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In wheat, oats, and hay, growth of the 
aspergilli significantly increased the ox- 
alate content. Myrothecium verrucaria eul- 
tures on wheat and hay, however, resulted 
in reduction of the original oxalate con- 
tent, as indicated by no substantial change 
and a reduction, respectively, in the assay 
figures. Utilization of weight-contributing 
substrate without oxalate degradation oth- 
erwise would have resulted in a relative 
increase in oxalate. 

Uninoculated Bermuda grass hay had 
the highest concentrations of calcium and 
oxalate of any normal feed tested. Coinci- 
dentally, growth of the various oxalate- 
producing aspergilli on this substance 
resulted in the increments re- 
corded. 


greatest 


TABLE i—Oxalate Production and Toxicity Data on Collected Species of Fungi Grown in 
Sabouraud Dextrose-Acetate Broth, 15 Days at 26 C. 


Reports of 
species 
toxicity 

Organism references ) 


Aspergillus chevalieri* Toxic 
QM 1974 

Aspergillus clavatus* Toxic 
QM 6884 
Aspergillus flavus* Toxic 
QM 6738 

Aspergillus luchuensis* Toxic 
QM 5565 
Aspergillus niger Unknown 
Aspergillus oryzae* Non-toxic * 
QM 6736 
Aspergillus sp.** Unknown 
(Alabama moldy corn) 

Aspergillus sp.*** Unknown 
(Florida moldy corn 

4 


Myrothecium verrucaria* Toxi 


QM 406 


Penicillium rubrum*® Toxic 
QM 124 W-2 
Penicillium citrinum* 
QM 6748 

Penicillium sp.** Unknown 
(Alabama moldy corn 
Mucor genevensis Unknown 
(plus strain) 


Rhizopus nigricans Unknown 


Sporodesmium bakeri Toxic 
Strain “G 
Stachybotrys atrat Toxic ® 
Forgacs 1006 


* Cultures supplied through the courtesy of Dr. Emory Simmons, U.S. Army Quartermaster, Research 
Natick, Mass 
** Isolated from Alabama moldy corn sample 


and Engineering Command 


W. S. Bailey, School of Veterinary Medicine 


*** Predominant organism in hepatotoxic moldy corn 
of Auburn 


epizootic in swine. Procured by Dr. W. 8. Bailey 


+ Isolated from hepatotoxic grass and supplied through the courtesy of Dr 


mental Station, Lower Hutt, New Zealand 


t Ether extract of hay culture dermonecrotic for guinea pigs and rabbits. 


Lincoln, Fort Detrick, Md. (ex Forgacs).* 


producing 
Auburn University 


Mouse i.p. 
injection 
results 


Mg. oxalate 
as H,©,0, per 
mil. filtrate 


Negative Negative 


Illness 
recovered 


Negative 


0.96 Death 


Death 


7.44 Death 
Negative Negative 


Negative Negative 


Death 
Negative 
Death 


Negative Death 


Negative Negative 


Negative Negative 


Negative Negative 


Negative Negative 


Negative Negative 


“hepatitis x" in dogs. Sample provided by Dr 
Auburn, Ala 
Florida field near site of moldy corn disease 


University 


from 
R. H. Thornton, Taita Experi 


Culture provided by Dr. R. S 


2.05 
1.92 
Trace 
= 
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Infected whole grain corn provided only 
small amounts of oxalate, if there were any 
inerease at all. The largest quantity in 
this food was found in the sweet corn 
chop material that ineluded husk along 
with cob and kernels. 

Table. 2 also contains data on a ground 
corn sample responsible for a moldy corn 
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as the principal mineral regulating soluble 
oxalate levels in infected feeds. Wehmer 29 
found that cations such as NH,*, Na‘, K*, 
and Ca™ in culture mediums trapped oxa- 
late ions and permitted their accumulation. 

With the few exceptions mentioned for 
corn products, oxalate produced was in 
excess of that empirically required to pre- 


TABLE 2—Calcium and Oxalate Content of Feedstuffs Inoculated with Spores of Various 
Fungi and Incubated 15 Days at 26 C. 


Fungus Caleium* 
WHEAT (WHOLE GRAIN) 


Normal 0.04 


Infected 
M. verrucaria 0.06 
A. luchuensis 0.05 


A. niger 


OATS (WHOLE GRAIN ) 
Normal 
Infected 

A. luchuensis 

A. niger 


BERMUDA GRASS HAY 
Normal 
Infected 
M. verrucaria 
A. luchuensis 
A. niger 
A. flavus 
CORN 
Canned, yellow sweet 
Normal 
Infected 
A. luchuensis 
Corn chop (sweet 
chopped ear with husk) 
Normal 


corn, 


Infected 
A. niger 
Hard corn (whole grain) 
Normal 
Infected 
A. luchuensis 
A. niger 
Toxic, 
associated with 
of dogs 


moldy corn (yellow) ; 
hepatitis 


* Expressed as per cent of feed dry weight 


* Per cent oxalic 
disease epizootic of swine in Alabama. 
Hepatitis x was produced in dogs force- 
fed portions of this lot.2 In view of the 
small oxalate content, a negative relation- 
ship is indicated for this principle and 
the hepatic disease. 

In corn, as with the other feedstuffs 
tested, preparations with highest calcium 
content gave rise to most oxalate. This 
observation suggests that available plant 
calcium may combine with oxalate as it is 
produced by the fungus, thereby serving 


acid in excess of quantity theoretically 


Excess** 
oxalic 
acid 


Oxalic 
acid/cal 
cium ratio 


Oxalie 
acid* 


0.04 
none 
0.52 


0.58 


0.02 


none 


none 
1.44 
3.56 


2.09 


non 


Calcium as Ca, oxalate as anhydrous acid 


required to precipitate total calcium 
conditions, all 
infected 


excesses 


cipitate, under optimal 
available calcium of the feeds 
listed (Table 2). These ( pre- 
sumably water-soluble salts) were greatest 
in the Bermuda grass hay samples. 

Table 3 lists additional feed prepara- 
tions in which infection with A. niger re- 
sulted in significant oxalate accumulations. 
However, with the exception of rye seed, 
oxalate was not produced in sufficient quan- 
tities to bind all available calcium as in- 
soluble calcium oxalate. 


0.13 3.3 
0.63 12.6 
0.07 0.73 10.5 
0.07 0.17 2.4 
0.10 1.43 14.3 1.20 
0.09 1.13 12.6 0.93 
0.73 1.34 1.8 
0.80 0.31 0.4 
0.30 3.26 1.0 
0.82 5.40 6.6 
0.96 4.25 4.4 
0.02 trace none 
0.03 0.13 
0.04 trace = 
0.07 0.44 6.3 0.28 
0.01 0.12 25.0 0.11 
0.01 0.08 13.3 0.07 
0.01 0.28 16.7 0.27 
0.02 6.5 0.08 
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TABLE 3—Calcium and Oxalate Data on Various Normal and Aspergillus niger Infected 
Feed Preparations 


Potential 
Oxalie acid* Excess calcium 
Feed Calcium equivalent calcium* decrease* * 


OATS-CORN-MOLASSES HORSE FEED (CALCIUM FORTIFIED) 
Normal 0.23 oy: 0.23 
Infected 0.28 


RYE GRASS (PERENNIAL VARIETY) 
Normal 0.53 neg 


Infected 60 0.09 none 


RYE (SEED) 
Normal 03 
Infected 04 2 none 


JOHNSON GRASS 

Normal 69 ace 0.69 
Infected 89 : 0.09 
RABBIT DIET (PELLETIZED, CALCIU 

Normal 1 

Infected 1 

MOUSE DIET 

Normal 0.5 


ne 
Infected 0 non 


GUINEA PIG DIET (PELLETIZED, CALCIUM FORTIFIED ) 
Normal ND 
Infected 3.0 


* Expressed as per cent of feed dry weight. 
** Per cent reduction of available calcium assuming chemical combination with fungus oxalate 


Time and Temperature Effects on Oxalate For- days and continued for 12 to 15 days. No 
mation by Aspergillus niger Growing on Oats significant benefit of the higher tempera- 
and Hay.—Several 4-Gm. samples of ground oats ture on oxalate production was evident in 
and chopped Bermuda grass hay were placed in the hay but, with oats, 35 C. appeared to 
favor higher values at every time interval. 
flask before autoclaving. All except control flasks Caleium increased relatively as metabo- 
were inoculated with 1 ml. of a standard aqueous lizable substrates were converted to oxalate 
suspension of A. niger spores. Half of each group and other degradation products. Prolonged 
was held at 26 C., while the remaining flasks were incubation might have increased the oxa- 
incubated at 35 C. Small additions of water were late even further, since in two of the feed- 
made during incubation to replace the moisture temperature series values rose to new 
lost by evaporation. One flask from each ineu heights on the final day of ineubation. 
bation temperature group was removed at inter EKarlv fungus oxalate studies established 
vals of 3, 6, 9, 12, and 15 days. Each sample was wa ; ‘ > 

, ; that formation continued as long as suit- 
able substrate and cations were present in 
culture mediums.*® 


125-ml. and 250-ml. Erlenmeyer flasks, respec- 
tively. Ten milliliters of water was added to each 


processed and assayed for total oxalate as pre 
viously outlined. Calcium determinations were 
made on ashed samples as before. 

Table 4 lists calcium and oxalate content Preliminary Feeding Experiments on Labora 
of the samples used in this experiment. A tory Animals Employing Moldy Feed Prepara 
marked increment occurred within three — tions.—Limitations of facilities made it impossible 


TABLE 4—Effect of Different Growth Periods and Two Temperatures on Calcium and 
Oxalate Contents of Ground Oats and Bermuda Grass Hay Inoculated with Aspergillus niger 
Spores 


Hay 
26 ¢ 26 35 C 


Growth Oxalate* Oxalate Oxalate Oxalate 
(days) Calcium* as H,C,O, Calcium as H,C,0, Calcium as H,C,0, ‘alcium as H,C,0, 


Control 7 + 07 0.18 0.70 1.34 0.73 1.29 
} 07 0.93 0.80 3.62 0.81 3.93 
1.40 4.64 0.82 4.46 
09 1.43 0.82 4.06 0.82 4.08 
09 1.41 0.83 4.62 0.83 4.63 
4 


0.10 1.53 1.06 5.58 0.83 00 


* Expressed as per cent of feed dry weight 


f 
70 
0.53 
100 
87 
99 
0.02 
6.7 
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to carry out the type of nutrition studies required 
to assess several important aspects of moldy feed 
poisoning in laboratory animals. Growth of oxa- 
late-positive fungi on feeds of necessity causes a 
variety of chemical changes in the various organic 
Such changes might include vitamin 
value as well as 


substances. 
depletion and 
ealcium precipitation. 

The first feeding tests were made with a group 
of 6 white weighing approximately 
30 Gm. These were given A. niger infected wheat 
ad libitum throughout the period of the experi 
ment. This preparation contained 0.07% calcium 
and 0.73% oxalie acid (See Table 2). 

The animals first refused the food but 
began to eat sparingly on the second day. 
By the third day, 2 of the 6 mice were 
found dead and partially eaten by cage 
mates. Both carcasses had hyperextended 
hind legs and severely arched backs. The 
remaining mice lost much weight but did 
not show tremors or convulsions when 
stimulated by rough handling. The follow- 
ing day, 1 more mouse was found dead. 
The remaining 2 made uncomplicated re- 
coveries when given normal diet. The 
quantity of infected food consumed was 
about double that of uninfected wheat 
given 6 control mice. Controls developed 


loss of caloric 


mice, each 


no abnormalities throughout the period of 
testing. 
A repetition of this experiment, using 


oats infected with A. niger (see Table 2) 
as food for 12 mice, resulted in a death 
pattern similar to that above. Six surviv- 
ing mice were then given lightly infected 
oats for one month. No further deaths 
occurred, although the mice remained at 
low weight. Again, the quantity of feed 
consumed was much larger than that of 
controls on normal oats. When heavily 
contaminated feed was reintroduced, the 
remaining mice became more emaciated, 
and the normal red eye color diminished. 
Upon microscopic examination of urinary 
sediments from randomly selected mori- 
bund mice, an abundance of calcium ox- 
alate crystals was found. One by one the 
mice became weak and succumbed over a 
period of several days. 

Commercially prepared mouse diet, con- 
taining skim milk and calcium compounds, 
was thoroughly wetted and inoculated with 
A. niger spores. After 14 days of ineuba- 
tion at room temperature, the oxalate con- 
tent had risen only from 0.19 to 0.21%, 
while the final calcium content was 0.4% 
(Table 3). Mice consumed this. food, re- 
luctantly at first, with no apparent detri- 


mental effects over a period of six weeks. 
The available calcium content and the 
calorie value of this high-lipid (11% erude 
fat) feed apparently were not seriously 
impaired, 

Guinea pig and rabbit pellet diets were 
similarly dampened and inoculated with 
A. niger spores. After 14 days of ineuba- 
tion, these foods were fed to animals of 
the respective groups. No gross abnormali- 
ties were noticed in adult animals, except 
for marked weight losses and diminished 
activity. Immature guinea pigs did not 
grow normally, as did control animals. A 
drop in food calorie value was suggested 
by an approximate doubling of the usual 
ad libitum consumption by each animal. 
Analysis (Table 3) revealed a large amount 
of oxalate but no theoretical excess. 


Discussion 

Both oxalate production by various 
species of fungi and moldy feed poison- 
ing have been recognized for several dec- 
ades.*:11 However, a search of foreign as 
well as American scientific literature re- 
vealed no references indicating a relation- 
ship between these two phenomena. 

Many species of fungi prevalent in vari- 
ous environments are capable of degrading 
basic food substrates to oxalate. Three ad- 
ditional aspergilli, including two repre- 
senting toxigenic species, also were found 
to possess this metabolic property. One 
of these was A. flavus, of which both toxie 
and nontoxic strains have been isolated 
from disease-producing feeds.*:* The see- 
ond species, A. luchuensis, was found by 
Harkness et al. to cause rapid death in 
rabbits when the filtrate was injected intra 
venously. The third was an unidentified 
species isolated from hepatotoxic moldy 
Florida corn. 

Various reports of livestock disease, in- 
cluding some associated with toxie feed- 
stuffs, have described signs similar to those 
of oxalate poisoning. These include gas- 
tritis, albuminuria, urinary calculi, un- 
steady gait, falling with inability to rise, 
dementia, depression, hyperexcitability, 
tetany, paralysis, and convulsions leading 
to death. In cases of winter tetany of 
cattle 18:19 where clinical tests were made, 
a hypocalcemia and hypomagnesemia were 
discovered ; injections of therapeutic prep- 
arations of calcium and magnesium evoked 
a prompt cessation of signs. This informa- 
tion leads one to consider oxalate from 
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moldy feeds, especially hay, as the causa- 
tive agent in some of these winter illnesses. 
No such relationship, however, is indicated 
in grass and wheat tetany, since the pres- 
ence of moldy grass is infrequently noticed 
and the oxalate content of plant samples is 
not significantly elevated. 

Mershon !* reported that the incidence 
of bovine tetany in Garrett County, Mary- 
land, reaches a peak late in winter. Com- 
menting on this, he states,* ‘‘In some in- 
stances over-ripe timothy or mixed hay was 
fed following poor harvesting conditions 
that resulted in wetting the hay. Mold was 
frequently observed, and it was believed 
that such hay was low in nutrients and 
minerals as well as being unpalatable, and 
that the cows were effectively starved in 
regard to some nutrients.’’ 

The foregoing experiments demonstrated 
that the oxalate-positive species of Asper- 
gillus employed were capable of producing 
relatively large quantities of this organic 
acid in some feedstuffs at 26 C. Aspergillus 
niger accumulated high levels in oats and 
hay at both 26C. and 35C. (79 F. and 
95 F.). Appreciable oxalate production at 
both of these temperatures is important, 
since they cover a range that includes 
ambient summer temperatures in much of 
the temperate zone. Aspergillus niger and 
many other oxalate-producing species are 
probably capable of comparable metabolic 
activity throughout a large portion of their 
temperature growth ranges. 

The small quantity of oxalate produced 
by infection of different corn feeds and the 
low level in hepatotoxic corn samples do 
not indicate a relationship of oxalates to 
moldy corn toxicoses. However, the small 
quantity of available calcium normally 
present in corn makes advisable supplemen- 
tation of its feeding with other substances 
of higher calcium content.*! Thus, small 
quantities of oxalate might have more ad- 
verse effect in animals such as swine, which 
normally require high calcium intake.* 

The danger in feeding moldy Bermuda 
grass hay, however, is readily apparent. 
For example, a horse whose feed might 
consist principally of this ration would 
consume daily up to 300 to 350 Gm. of 
oxalie acid as soluble salts in each 20 Ib. 
of hay. 

Adverse oxalate foods 


effects of high 


* Mershon, M. M.; Maryland Live Stock Sanitary Serv- 
ice Laboratory, Bel Air, Md Personal communication, 
Oct. 26, 1960 
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have been demonstrated by several inves- 
tigators. Garcia-Rivera and Morris!” sug- 
gested that low milk output by Puerto 
Rican cattle may be traced to regular 
grazing on grasses containing more than 
1.6% oxalic acid. One species of grass, 
Pennisetum merkervi, contained about 5% 
total oxalate and was responsible for a 
negative calcium balance in cattle.* Rob- 
ertson and co-workers *° showed that 2% 
oxalic acid in chick rations was lethal, 
while growth was depressed by a diet con- 
taining 1.0% oxalic acid and 0.9% calcium. 
The depression was overcome when the eal- 
cium level was increased to 1.6%. Using 
laboratory rats in experimental feeding 
tests, Kohman concluded that spinach, 
although relatively high in calcium, sup- 
plies none of this element to the body and 
renders unavailable a considerable amount 
of that in other foods. 

As to the mechanism of oxalate toxicity 
in ruminants, Talapatra et al.*® found that 
ingested soluble oxalates were degraded to 
alkali carbonates before reaching the true 
stomach; these compounds were believed 
to be responsible for a severe alkalosis 
interfering with calcium absorption. Pre- 
formed calcium oxalate was excreted un- 
changed in the feces. 

Whatever the mechanism of action, all 
available evidence indicates that continued 
ingestion of excess oxalate inevitably leads 
to a negative calcium balance in many ani- 
mals. Absorption of sublethal quantities 
of soluble oxalates from the gastrointestinal 
tract can create calcium oxalate in body 
tissues, leading to caleuli formation in kid- 
ney tubules and resultant renal damage.!® 

Phytie acid of whole wheat and oats also 
is capable of binding dietary calcium and 
rendering it unavailable to the organism.!7 
Therefore, one might presuppose an addi- 
tive effect of this substance with oxalate. 

In addition to a possible lowering of feed 
calcium availability, fungus growth neces- 
sarily decreases the caloric value of feed 
to a marked extent. The increased con- 
sumption of moldy food noticed in prelim- 
inary feeding trials supports this idea. To 
compensate for a caloric deficiency, the 
amount of feed consumed is increased, 
thereby augmenting the intake of oxalate. 
Alteration of the calcium:phosphorus in- 
take ratio and destruction of the food vita- 
University of Puerto Rico, College 


Mechanic Arts, Mayaquez, Puerto 
Personal communication, Sept. 28, 1960. 


* Garcia-Rivera, J.; 
of Agriculture and 


Rico: 
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min content are also to be considered in the 
possible mechanisms of oxalate poisoning. 

The animal feeding tests reported do not 
provide information on the mechanisms of 
malnutrition or poisoning described. Ex- 
tended and carefully controlled feeding ex- 
periments employing various livestock need 
to be carried out where all factors of cause 
and effect can be properly evaluated by 
personnel trained in the fields of animal 
nutrition and pathology. 
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Le Formation de Oxalato in Forrage Mucide Como 
Factor Possibile in Morbo Toxic de Bestial 


Dece-sex racias de fungos, incluse representantes de species toxigene, esseva studiate pro 


lor toxigenicitate in relation al 


gillus luchuensis, A. flavus, e un 


Muses subjicite a 


formation de 
species previemente identificate como oxalato-positive 
non-identificate A. sp. 
injectiones intraperitonee de filtratos ab le 
extrahite ab le culturas disveloppava signos de un affection del systema 


oxalato. Esseva constatate que—a parte k 
[llos es Asper- 
letal pro 


eulturas o de 


tres noves esseva tal. 


Iste tres esseva muses. 


oxalatic 
central e 


sales 


hervose 


effectos letal de character typic de acute invenenamento per oxalato. 
Le inoculation de species individual a formation de oxalato ad in diverse typos de forrage 


resultava in le generation de significative quantitates de iste acid organic. 


inficite specimens de frumento, de avena, e de feno de 


Le analyse de 


herba de Bermuda revelava concen- 


trationes de oxalato ben in ultra del concentrationes que es theoricamente requirite pro pre 


cipitar sub conditiones optimal omne le 
preparatos de mais resultava, in le 
del oxalato. A. 


niger erescente in feno e 


ealeium 


avena 


presente. Le crescentia del fungos in varie 


majoritate del casos, in solmente micrissime augmentos 


produceva marcate augmentos de oxalato, 
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tanto a 26 como etiam a 35 ( 
al minus 12 a 15 dies. Mucide grano de mais, que causa ‘‘hepatitis X’’ in poreos e canes, 
esseva normal in su contento de oxalato. In le majoritate del specimens de forrage testate, 
un directe relation esseva evidente inter le quantitate de oxalato producite per le contamination 
mucoral e le quantitate de calcium presente. Iste constatation suggereva le occurrentia de un 
combination chimic de iste substantias intra le forrage. 

Varie preparatos de forrage individual e mixte supportava un crescentia fungal e un 
formation consequente de oxalato a nivellos non potentialmente capace a effectuar un complete 
deficientia de calcium. Tamen, le quantitates producite esseva theoricamente sufficiente a 
precipitar un grande portion del caleium total, al minus in le presentia de conditiones optimal 
pro le combination chimic. 

Muses disveloppava signos de sever malnutrition e moriva intra paue dies post que illos 
habeva essite transferite a un dieta de forrage mucide a contento excessive de oxalato. Un 
levemente inficite forrage causava perdita de peso sed nulle morte intra un periodo de 
observation de 30 dies. Le superviventes que esseva retransferite a un dieta regular se 
restabliva in le majoritate del casos. Conilios e poreos de India nutrite con un dieta mucide 
sin contento excessive de oxalato perdeva multe peso sed non manifestava a ulle tempore 
signos patente de acute intoxication per oxalato. 


, a partir de tres dies post le inoculation e continuante durante 


Studies on Bovine Staphylococcic 
ll. Characterization of Isolates 


L. W. Fleming, M.A., and I. M. Paton, M.R.C.V.S. 


SUMMARY 


One hundred and one strains of staphy- 
lococci from bovine mastitis were stud- 
ied. All but five of the strains were 
coagulase-positive, and only six did not 
ferment mannitol. Sixty-nine per cent 
of the isolates were sensitive to 25 typing 
phages, either singly or in various com- 
binations. The largest single typing group 
contained 19 cultures sensitive to phage 
42D (group IV). Twenty-nine cultures 
were lysed by phages of two or more of 
the broad typing groups. 

Eighty-eight of the 101 strains were 
found to be sensitive to less than 1 unit 
of penicillin by the tube dilution method. 
Only two strains required as much as 25 
units for inhibition. 

All of the 52 strains examined for the 
production of alpha and beta toxin pro- 
duced some alpha toxin. Forty-four per 
cent produced no demonstrable beta toxin. 
Group Ill and multigroup strains pro- 
duced the most alpha toxin, whereas the 
miscellaneous strains (phage type 44A) 
appeared to be the best beta toxin pro- 
ducers. Group IV (42D) and miscellane- 
ous strains produced fair amounts of both 
toxins. Typeable cultures in general pro- 
duced more alpha and beta toxin than 
did the nontypeable cultures. 


INTRODUCTION 


In a recent publication,® a general dis- 
cussion of bovine staphylocoecie mastitis 
emphasized the need for formulation of 
immunizing agents for this costly disease. 
It was suggested that bacteriophage typing 
be used as the basis for selecting strains of 
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staphylococci for the production of ‘‘ multi- 
valent’’ bacterin-toxoids. It would seem 
justified at this time to take advantage of 
the phage-type consistencies demonstrated 
in staphylococcie isolates from bovine mas 
titis. Despite the equivocal nature of group 
specificity, an immunizing agent would 
have more universal usefulness if it were 
formulated from strains representing sev- 
eral of the broad phage-typing groups. 

This report will present the results of 
our characterization of 101 bacterial 
lates collected from animals with mastitis 
in the United States and England. We 
were particularly interested in any rela- 
tionships between the toxigenicity of iso- 
lates and their phage groups. 


1SO- 


Materials and Methods 


One hundred and one strains of Staphylococcus 
aureus were studied. The cultures were obtained 
from several different sources but represented iso 
lates from animals with either acute or 
bovine mastitis. Dr. E. H. Coles of Kansas State 
University, Manhattan, supplied many of the cul 
tures, as did Dr. 8S. J. Edwards of the Compton 
Field Station at Berkshire, England. Miscellaneous 
collectisns of cultures 
sonnel at Pennsylvania State University and our 
own Clinical Medicine Department. Throughout 
the investigation, the cultures were maintained by 
monthly transfers on veal-infusion agar 

The cultures were typed by Dr. C. A. Hunter of 
the Kansas State Board of Health, using the tech 
nique of Blair and Carr’ with slight modifications. 
A total of 25 phages was used; 19 


chronic 


were obtained from per 


slants. 


were basic 


phages of the International series. For referene 
purposes, the individual phages are listed here in 
their broad groups. The phages enclosed by paren 
theses are the six additional phages used in typing 


our collection: 


Group I 
Group IT 
Group III 


Group IV—42 


Miscellaneous—(44A 


Cultures which were insensitive to the routine test 
dilutions of the typing phages were subsequently 
tested at 1,000 times the initial concentrations. 
Fifty-two of the 101 studied to 
determine their ability to produce alpha and beta 


cultures were 
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29, 52, 52A, 79, (80 
SA, 3B, 3C, 55. 
6, 7, 42E, 47, 53, 54, 70, 73, 75, 77, 
42B), (47C), (VA4), (81 
|. 
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exotoxins in a liquid medium. Thirty-milliliter 
quantities of brain-heart infusion broth (Difco), 
contained in 50-ml. Erlenmeyer flasks, were inocu- 
lated with 0.1 ml. of eighteen-hour broth cultures 
of the various strains. The flasks were placed in 
a converted desiccator jar which was sealed after 
flushing with a 20% CO. and 80% Oy» gas mixture. 
Incubation was at 37 C. for 64 hours on a shaker 
operating at 85 oscillations per minute. Incubation 
of the cultures was interrupted only to reflush the 
desiccator with fresh gas mixture at 24-hour in- 
Toxic supernatant fluids were collected 
after centrifugation of the cultures for 30 minutes 
at 2,500 r.p.m. Hemolytic titers of the fluids were 
determined by first making duplicate sets of serial 
twofold dilutions in 0.9% NaCl solution, beginning 
with a 1:5 dilution. One-milliliter quantities of 
the various test dilutions were mixed with equal 
volumes of a 2% suspension of thrice-washed 
rabbit or sheep erythrocytes. Donor animals were 
checked periodically for antitoxin titers and 
as erythrocyte sources only so long as their serum 
contained less than 0.2 unit of alpha and beta anti- 
toxin per milliliter. After three hours of ineuba- 
tion at 37C., alpha toxin titers were read as the 
highest dilution at which any significant amount of 
hemolysis occurred. Beta titers were calculated as 
the arithmetical difference between the highest di- 
lution which developed any hemolysis after three 
hours at 37 C. and that which developed hemolysis 
after overnight refrigeration. This 
counts the amount of hemolysis of sheep 
erythrocytes after 
probably caused by alpha toxin. 

Sensitivities of the cultures to penicillin were 
determined by the tube dilution method. Bulk 
quantities of tryptose phosphate broth (Difco), 
containing 50.0 to 0.15 units of penicillin G potas 
sium per milliliter of broth, were dispensed in 4-ml. 
A series of the antibiotic dilutions was 
inoculated with 0.1 ml. of a 10° dilution of an 
eighteen-hour broth culture of each staphylocoecic 
Following overnight incubation at 37C., 
results were and minimum 
concentration of penicillin per milliliter of medium 
which would completely inhibit visible growth of 
the test culture. 

Coagulase production and mannitol fermentation 
were determined by standard methods. Citrated 
rabbit plasma was diluted 1:4 in 0.9% NaCl solu 
tion and dispensed in 0.5-ml. amounts. An equal 
volume of an eighteen-hour broth culture of each 
strain was mixed with the plasma, and the tubes 
were incubated at 37C. for four hours. Any 
degree of coagulation was interpreted as a positive 
reaction. For mannitol fermentation, 1 drop of 
the broth culture was added to duplicate tubes of 
a 1% solution of the carbohydrate. Results were 
read after three days of ineubation at 37 C. 


tervals. 


used 


method dis 
small 


2 


incubation at 37C., which is 


amounts, 


strain. 


read recorded as the 


Results 

Of the 101 strains studied, 5 were coagu- 
lase-negative. Most of the coagulase-positive 
strains coagulated plasma in less than two 
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hours of incubation. Six strains could not 
utilize mannitol as a growth substrate. Four 
of these mannitol-negative strains were also 
coagulase-negative. The remaining two 
mannitol-negative strains were coagulase- 
positive, but only one was sensitive to the 
typing phages (groups I and III). 

Eighty-eight of the staphylococcie strains 
were inhibited by less than 1 unit of peni- 
cillin per milliliter of test medium. Only 
two strains could grow in concentrations of 
penicillin as high as 25 units per milliliter. 
The minimum inhibitory concentrations 
(mic) of penicillin for our culture collee- 
tion and the distribution of the cultures 
on the basis of their broad phage-typing 
groups are shown (Table 1). 

Bacteriophage typing showed 31% of 
the 101 strains to be insensitive to the 25 
typing phages. Of the 70 typeable strains, 
19 (27%) were type 42D (group IV), 
and 29 (41%) were multigroup types. 
Nine strains (13%) were typed as group 
III and an equal number as miscellaneous 
(444A). Three strains belonged to group 
I, and a single strain was typed as group 
If. 

Of the 52 cultures studied for alpha 
and beta toxin formation, 23 (44%) pro- 
duced no demonstrable beta toxin. All of 
the cultures tested produced some alpha 
toxin. The average alpha toxin titer for 
the 30 typeable strains was 1:340, and the 
average beta titer was 1:156. The titer 
ranges for alpha and beta toxins were 1:40 
to 1:1,280 and zero to 1:1,280, respectively. 


TABLE i—Penicillin Sensitivities of Staphylo- 


coccic Strains 


mic of penicillin (units /cc 
of medium) 


Totals by 
typing 
groups 


Phage type 

group[s] <1 1-5 5-10 25 
3 
1 


I 

IT 

III 

IV 

Mise 

I, 

I, II, tI 

I, 111, 

II, 

III, 

I, IV, Misc. 
III, Mise, 

IV, Mise. 

IIT, IV, Mise. 
I, III, 1V, Mise. 
NT 

Totals by 

MIC values RR 


~ 


O 


to 


7 


concentration. Misc 


typeable. 


Mic = minimum inhibitory 
cellaneous group. NT = not 


8 
l 19 
1 9 
3 
i 
1 
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The results of our toxigenicity studies are 
summarized (Table 2). 


Discussion 


At least four of the five coagulase-nega- 
tive strains found in our culture collection 
were probably not pathogenic strains. None 
of the coagulase-negative strains were type- 
able, and four of them could not ferment 
mannitol. It would have been useful in 
this investigation to know which of the 101 
strains were originally from animals with 
acute cases of mastitis and which were 
from animals with chronic cases. Reid and 
Wilson * found a coagulase-negative strain 
in a cow with chronic mastitis. All of their 
isolates from cattle with acute cases of 
mastitis were shown to be coagulase-posi- 
tive. 

The ability of staphylococci to utilize 
mannitol in their metabolism should no 
longer be considered a characteristic fea- 
ture of pathogenic strains. Smith '° found 
that only five of 110 pathogenic strains 
from various animal sources were negative 
in mannitol fermentation tests. Of 63 non- 
pathogenic strains, however, 54 gave posi- 
tive mannitol results. Reid and Wilson § 
reported similar results. They found that 
approximately 93% of their isolates from 
diseased udders and 73% from normal 
udders fermented mannitol. 

Histories of antibiotic therapy in the 
cows from which our cultures were isolated 
were not known, but it could be safely as- 
sumed that some had been treated previ- 
ously. In view of the increasing difficulty 
in controlling staphylocoecie mastitis by 
the use of penicillin, it was surprising to 
notice the high sensitivity of our cultures 
to this antibiotic. Our results agreed gen- 
erally with those obtained by Edwards and 
Rippon.* They found 14 of 120 strains to 
be resistant to concentrations of penicillin 
between 10 and 200 pg. per milliliter of 
test medium. The remainder of their eul- 
tures were sensitive to 0.125 ug. per milli- 
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liter. Eight of our typeable cultures and 
five nontypeable required 1 to 25 units of 
penicillin per milliliter for inhibition. 
Eighty-eight cultures were inhibited by less 
than 1 unit of penicillin per milliliter of 
test medium. All 14 of the resistant strains 
studied by Edwards and Rippon* were 
group III cultures. It can be seen in our 
results (Table 1) that five of the eight 
typeable cultures which required as much 
as 10 units of penicillin for inhibition were 
also group III strains. 

To say that beta texin production is a 
characteristic feature of pathogenic staphy- 
lococci from animals is misleading, because 
it suggests exclusiveness. Beta toxin may 
be more commonly associated with animal 
isolates than human isolates, but by no 
means is it the only toxin produced. More 
accurately, it appears that most animal 
isolates produce both alpha and beta toxins. 
Minett * reported in 1937 that the propor- 
tion of udder strains which formed only 
alpha toxin was comparatively small, and 
that the great majority produced both 
alpha and beta toxins. Only occasionally 
did he find strains which produced beta 
toxin alone. Our results from a compara- 
tively small number of isolates are par- 
tially in agreement with the observations 
of Minett. Twenty-nine of our cultures 
produced both toxins, and none produced 
beta toxin alone. Twenty-three cultures, 
however, produced only alpha toxin. Many 
investigators ':*:>.5-! have reported a pre- 
ponderance of alpha and beta (or alpha, 
beta, and delta) toxin-producing staphylo- 
coeei among cattle isolates, but most of 
these workers have found beta toxin-pro- 
ducing strains to be more prevalent than 
strains which produced only alpha toxin. 

The majority of our cultures which pro- 
duced only alpha toxin belonged to the non- 
typeable group, whereas more group IV 
cultures produced both toxins than any 
other typing group. These results, 
ever, could not be correlated with 


how- 
the 


TABLE 2—Toxin Production by Staphylococcic Isolates 


No. 
tested 


Typing 


group[s] alpha 


1 
0 

5 1 
13 1 
6 1 
13 1 
14 1 


M = miscellaneous group. C= multigroup combinations. 


Average titer 


1: 


1 
1 
1 
1 
1 


Titer range 


beta alpha beta 


40 


: 640 0-1 
: 640 * 0-1 
: 640 0—1 
1,280 0-1 
320 0-1 


-40 
: 220 
297 
:182 
:43 


160 
1 960 
1 1,280 
1 1,280 
1 160 


NT = not typeable. 


= 
I 160 | 
IT ‘ 
544 
IV 307 
M 293 
Cc 398 
NT 131 
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quaxtities of toxin produced by strains of 
the various typing groups. Nontypeable 
strains produced less alpha toxin than any 
group of typeable strains (Table 2). Group 
III strains and certain multigroup strains 
appeared to be the best alpha toxin pro- 
ducers. The miscellaneous strains (44A) 
produced the most beta toxin, whereas 
group IV (42D) and miscellaneous strains 
produced fair amounts of both toxins. 

Typing staphylococci of animal origin 
with human typing phages has certain dis- 
advantages. Barnum and Fuller! sug- 
gested that more critical results might be 
obtained by typing bovine isolates with 
phages derived from strains of staphylo- 
coeci associated with mastitis. Coles * has 
recently reported on the use of ‘‘adapted’”’ 
phages for typing animal isolates. The bac- 
terial host range of human typing phages 
was altered ‘‘. . . by the simple expedience 
of propagating [them] on animal strains 
of Staphylococcus aureus Approxi- 
mately 19% of Coles’ isolates could not be 
typed by his eight adapted phages, but 
nearly 50% were insensitive to the 24 
human phages which he The 
venience of typing with a minimum num- 
ber of phages is obvious, but the most 
encouraging aspect of these results is the 
greater number of isolates found to be 
typeable by the adapted phages. 

It was pointed out earlier that immuniz- 
ing agents would have more universal use- 
fulness if they were formulated from 
strains representing several of the broad 
phage-typing groups. A rather limited 
number of specific phage types have been 
demonstrated by many investigators to 
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represent a large majority of the staphylo- 
eoccic isolates from animals with bovine 
mastitis. Types 42D (group IV) and 44A 
(miscellaneous group) are common phage 
types found in the United States and other 
countries of the world. Only 19 of our 70 
typeable strains were type 42D, but an 
additional 17 strains which belonged to the 
multigroup types were also sensitive to the 
42D phage. The most common multigroup 
combination was III, IV; among these 
strains, group III was most frequently 
represented by phage type 81. 
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Characterisation de Isolatos 


Esseva studiate 101 racias de staphylococcos ab mastitis bovin. Omnes, con solmente cinque 
exceptiones, esseva coagulasc-positive, e solmente sex non fermentava mannitol. Sextanta-novem 


pro cento del isolatos esseva sensibile a 2 
combinationes. 
phago 42D (gruppo IV). 
grande gruppos de phagotypia. 


25 phagos de typation 
Le plus grande gruppo de phagotypia consisteva de 


individualmente o in varie 


19 culturas sensibile pro 


Vinti-novem culturas esseva lysate per phagos de duo o plus del 


Esseva trovate que 88 del 101 racias esseva sensibile pro minus que 1 unitate de peni- 


cillina, secundo le methodo a dilution in tubos. 


25 unitates pro lor inhibition. 
Omne le 


Solmente duo racias requireva le maximo de 


52 racias examinate pro lor production de toxina alpha e beta produceva un certe 
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quantitate de toxina alpha. Quaranta-quatro pro cento produceva nulle demonstrabile toxina 
beta. Racias de gruppo III e racias multigruppal produceva le plus grande quantitates de 
toxina alpha, durante que le racias miscellanee (phagotypo 44A) pareva esser le melior produc 
tores de toxina beta. Racias de gruppo IV (42D) e racias miscellanee produceva significative 
quantitates de ambe le toxinas. A generalmente parlar, le culturas que poteva esser typate 
produceva plus alte quantitates de toxina alpha e beta que le eculturas que non poteva esser 
typate. 


Quantitative Coagulase Activity and Phage Patterns of Strains 
of Staphylococcus aureus Isolated from Cows in Michigan 


John J. Solomon, M.S.; C. L. San Clemente, 


SUMMARY 


Of 164 staphylococci isolated from 
bovine udders, 125 were found to be 
typeable, using the basic set of 24 Inter- 
national-Blair phages and 6 Seto-Wilson 
phages. The most active phage, S2, lysed 
46% of the typeable cultures. Phage pat- 
terns S2, S6, and S1/S3 were common 
to more than one farm, with S2 being 
the most frequent. Many other patterns 
were obtained, showing similarity within 
the same herd. There appeared to be no 
relationship between cocci isolated from 
the cervices and udders of cows when 
compared by phage sensitivity and coagu- 
lase production. Staphylococcus aureus was 
not commonly found in the reproductive 
tracts of repeat breeder cows. Quantita- 
tive coagulase production varied widely 
among the strains isolated from the ud- 
der, even among similar phage types. 
Non-typeable organisms usually were low 
in coagulase production. Many of the 
phages of the International-Blair series 
lysed staphylococci isolated from the ud- 
der, but the resulting patterns were dif- 
ferent from those isolated from human in- 
fections. Staphylococci of two or three 
different phage types were obtained from 
the same cow in about 10% of the in- 
fected animals having typeable staphylo- 
cocci. Unlike the so-called epidemic 
strain, phage type 80/81, reported com- 
monly in human infections, no one widely 
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distributed phage type was found in the 
bovine population of Michigan. 


INTRODUCTION 


Staphylococcus aureus has been recog- 
nized in recent years as an important 
organism in the etiology of mastitis. Inves- 
tigations have revealed that it is present in 
apparently normal mammary glands 
and elsewhere in the bovine environ- 
ment. Staphylococci incriminated in 
human infections have been found in the 
bovine udder and external nares,? and 
strains isolated from dairy animals and 
personnel have the same phage pattern of 
lysis.4 17-18 Williams Smith?® found 
that staphylococci from bovine mastitis, 
human mastitis, and food poisoning were 
lysed by the same phage and were anti- 
genically identical. Cultures from all three 
sources were recoverable from the udder 
after artificial inoculation. There is evi- 
dence, therefore, that staphylococci in- 
volved in human infections may be trans- 
mitted to animals, or may occur as a result 
of animal infection. The present investi- 
gation was an attempt to determine the 
relationship, if any, between staphylococci 
found in bovine udders and the prevailing 
phage types in human infections in a cross 
section of the farms of Michigan. A second 
aim was to determine if a widely distrib- 
uted phage type was associated with bovine 
mastitis, as phage type 80/81 has been in 
human infections.’ In addition, swab sam- 
ples were obtained from the reproductive 
tracts of various ‘‘repeat breeder’’ cows 
to determine the possible role of staphylo- 
cocci in reproductive difficulties, and the 
relationship of these staphylococci to those 
obtained from the udder. Easley et al.5 
reported that uterine infection occurred 
commonly in repeat breeder cows. The pre- 
dominant organism was apparently Staphy- 
lococcus aureus. Gunter and co-workers ® 
reported only 5% of uterine and cervical 
swab samples from repeat breeder cows 


were sterile, while 33% from normally 
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breeding cows gave no growth. Coagulase- 
positive strains of Staphylococcus aureus 
were isolated from 30% of 20 cultures of 
micrococci isolated from the reproductive 
tracts of repeat breeder cows. 


Materials and Methods 


Milk Samples. with mastitis or 
ductive difficulties, or both, were separated from 
the herd. Strip cup examination was made of the 
mammary secretion of each quarter prior to ob- 
taining the sample for bacteriologic examination. 
The udder was washed with a bactericidal solu- 
tion. Particular attention was paid to washing 
the teat orifice. Approximately 10 ml. of milk 
from each quarter was collected in sterile tubes, 
incubated at 37 C. for 24 hours, and examined by 
direet microscopic procedure. The freshly collected 
milk was streaked on tryptose agar containing 5% 
bovine blood from selected animals. The plates 
were incubated for 24 hours at 37 C., and colonies 
were selected for microscopic observation and co- 
agulase determination. 

Reproductive Tract Samples.—The 
prepared for sampling by scrubbing the region 
around the anus and vulva with soap and then 
flushing with a bactericidal solution. A _ sterile 
glass speculum was then inserted into the vagina 
and a sample of material near the cervix was ob 
tained by inserting a sterile swab attached to a 
long flexible metal rod contained in a stainless 
steel tube. The swab was placed in nutrient broth 
and held overnight at 37 C. Both swab and broth 
were then streaked on Bacto Staphylococcus 110 
agar (Difco), and the resulting colonies were se- 
lected for further study. 

Phage Preparation.—A set of 24 International 
phages was obtained from Blair* and the six 
Seto-Wilson phages were obtained from Wilson.** 
The method used for phage propagation was the 
soft agar layer procedure recommended by the 
Communicable Disease Center, USPHS. The final 
phage preparation was obtained by freezing and 
thawing the agar containing the phage-staphylo 
eoecie mixture. The syneretic fluid was withdrawn 
by pipette and assayed by the agar layer method.’ 
It was then filtered through a Swinney filter con- 
taining approximately one-half thickness of a Seitz 
filter dise t and again assayed. The critical test 
dilution (cTD) used to determine the lytic 
pattern of the staphylococci, and was the highest 
tenfold dilution (< 10°) which confluent 
lysis of the propagating strain. 

In some cases, phage was prepared in fluid eul- 
ture by inoculating flasks of trypticase soy broth 
volumes of concentrated phage and 
five- to six-hour culture of propagating strain. 
The flasks were then ineubated for four to six 
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hours at 37 C. on a rotary shaker and the resulting 
clear or turbid material was assayed for phage 
activity. Good titers were usually obtained by this 
method (10° to 10" particles per mil.). 
Phage Typing.—One to 2 ml. of a 
five-hour trypticase soy broth culture of each of 
the staphylococcie flooded 
surface of a trypticase soy agar plate previously 
dried at room temperature. The excess 
was removed and plates again were allowed to dry. 
A drop of phage was then added to a marked area 
of the plate by means of a one ml. syringe fitted 
with a 27-gauge needle. Each 
against its propagating strain during each 
experiment, and every phage was further tested 
against all propagating strains when initially pre- 
pared or prepared anew. The lytic pattern of the 
propagating strains when cross-tested with 
of the typing phages favorably 
those from the issuing laboratories. 
Quantitative Determination.—Quanti 
tative coagulase production determined by 
using a tube dilution technique.” The 
were grown for five days at 37C. in brain-heart 
infusion broth. The cells were centrifuged and 
1 mi. of supernatant fluid was diluted 
with an equal volume of 2% peptone-saline solu 
tion containing 1:5,000 thimerosal. One milliliter 
of dilute plasma (1:5 in physiologic saline solu 
tion) was then added to each tube. After thorough 
mixing, the tubes were incubated in a 37 C. water 
bath. Results were recorded after four and twenty 
four hours of incubation and were expressed as the 
reciprocal of the dilution of the supernatant fluid. 
The end point, obtained after 24 hours, was the 
last tube with a one plus reaction. Tubes 
graded according to the degree of firmness of the 
elot. Tubes in which the entire contents had coag 
ulated were labeled as four plus, and those which 
contained a large, organized clot as three plus. A 
small, organized clot was indicated by a two plus 
reading, and small, unorganized clots as one plus. 
Plasma was obtained from outdated citrated hu 


three- to 


isolates was over the 


inoculum 


phage was tested 
own 


each 
compared with 
Coaqulase 
was 


isolates 


serially 


were 


Each plasma sample, diluted 1:5 with 
saline solution, first tested 
from a known coagulase-producing Staphylococcus. 
Complementary plasma samples were then pooled, 


man blood. 


was with coagulase 


dispensed in 10-ml, amounts, and frozen. 


Results and Discussion 

Milk and cervical samples were obtained 
from 124 cows located on 23 farms in the 
lower peninsula of Michigan. Of the 496 
quarters sampled, 164 (from 93 cows 
yielded staphylococci which were phage 
typed (Tables 1-3). Table 1 indicates that 
there were 42 phage patterns on the 23 
farms. Three of the patterns, S82, S6, and 
S1/S3 (Table 3), were common to more 
than one farm. One pattern, S82, remained 
unchanged during two visits to the same 
farm, leaving 31 different phage patterns 


on the 23 farms. From these data, it was 
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STAPHYLOCOCCUS AUREUS ISOLATED FROM MicHiGgan Cows 


TABLE 1—The Number of Phage Patterns of Strains of Staphylococcus aureus Isolated from 
the Udders of Selected Cows from 23 Herds 


Cows 
yielding 
staphylococci 


yielding 


6 


~ 


~ 


wwe & 
w 


(2nd visit) 


be 


Totals 93 164 


Quarters 


staphylococci 


No. of 
organisms 
not typeable 


No. of 
phage 
patterns 


ow 


42* 


* Of these 42 phage patterns, only 31 were different from each other. 


apparent that the phage types of staphy- 
lococei found on the farms in Michigan 
were quite varied, and that there was no 
single widely distributed phage type as 
reported in human infections. None of the 
patterns prevalent in human infections 
was observed (80/81, 80/81/52/52A, 7, 
7/77, 3A/3B/3C/55, and 52A/79 *) ; how- 
ever, 6 organisms from two farms gave a 
52/52A/80 pattern. Eleven organisms from 
five different farms gave wide patterns of 
lysis, being acted on by 12 to 20 of the 30 
phages used. In addition, a large number 
of lytic reactions (58% of the total) was 
due to the International Blair phages, indi- 


Stanley Read, Michigan Department of Health, 
Personal communication, 1960. 
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Lansing 


TABLE 2—Frequency of Lysis by the Most Active 
Phages Upon 125 Sensitive Strains of Staphylococci 


Per cent of 
strains lysed 


No. of 


Phage strains lysed 


Sl 


444A 
S5 
54 
S4 


& 


to bo 
a 


16.0 


Most strains were lysed by more than one phage. 


cating a possible cross-infectivity or coloni- 
zation between man and animal. 

The most active of the 30 phages (Table 
2) was S2 which caused lysis in 57 (45.6%) 
of the 125 sensitive strains. This finding 
was in agreement with that of Seto and 
Wilson,'* who found that S2 was the pre- 


TABLE 3—Frequency of the Most Common Phage 
Patterns Among Bovine Staphylococci 

; Phage pattern and No. of organisms 

Herd S82 S6 $1/83 

B 0 


0 
9 


( 

D 2 
E 0 
H 4 
I 0 
J 0 
K 0 
N 
P 

Q (ist visit) 

Q (2nd visit) 


Totals 


dominant type in their study, lysing 49% 
of the sensitive cultures tested. It was also 
our most prevalent type (Table 3). 

Many workers ?: * '* have found 42D as 
the predominant type among bovine staph- 
ylococci. It should be recalled that both 
phages S2 and S1 were derived originally 
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Herd 
A | 5 
B 5 2 
Cc 3 0 
D 10 3 
E 2 
F 
G 2 
H 0 
I 2 
J 2 
K 3 
’ L 0 
M 1 
N 
0 
P 5 
Q 1 
QQ 1 8 
0 
s 0 
T 1 
U a 
Vv 0 
WwW | | 1 
39 
0 
0 
1 0 
0 0 
0 10 
0 2 
0 0 
0 0 
T 0 1 0 
45.6 
36.0 
S3 35.2 
42} 28.8 
i2B 28.0 
S6 
.6 
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Fig. 1—Quantitative production of coagulase by S2 type staphylococci isolated from four 
herds (bargraphs) and identified by cow number and quarter (abscissa). 


from 42D by propagation in different 
strains of staphylococci of bovine origin.4 
In our experience, however, phage 42D 
was not very active against the bovine 
staphylococci. Phages 42B, 42E, and 44A 
were the most active of the human series 
of typing phages (Table 2) and frequently 
all lysed the same clinical isolate. Roun- 


Y 


RECIPROCAL OF TITER 


COLL 
- 


4 
R 


FRR 


tree 1? reported that phages 42B and 42E 
lysed staphylococci of human origin, while 
44A attacked both those of human and 
bovine origin. 

Individual cows were found to carry a 
variety of strains of staphylococci. While 
it was theoretically possible to have a dif- 
ferent type from each of the four quarters, 


Fig. 2—The quantitative production of coagulase by S1/S3 and S6 type staphylococci isolated 
from eight herds (bargraphs) and identified by cow number and quarter (abscissa). 
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ed from milk were not sensitive to the 


RECIPROCAL OF TITER 


18 24 25 27 45 45 
428 


42E 
$2 


PATTERN 
$2 
Fig. 3—The quantitative coagulase production 


STAPHYLOCOCCUS AUREUS ISOLATED FROM MICHIGAN Cows 


in the reproductive tracts of repeat breeder 
cows would indicate that this organism 
does not play a major role in the etiology 
of reproductive failures. 

The milk samples from the animal pre- 
viously mentioned yielded two staphylo- 
cocei with a 44A/S2/S5 pattern and one 
nontypeable culture. In all other animals 
from which milk and cervical samples were 


27 35 


35 42 44 45 344 


Non- 
typeaoble 


Non- 
typeaoble 


$5 


and phage patterns of staphylococci isolated 


from two herds. 


action of the 30 phages used in this study. 
Seto and Wilson obtained comparable 
results in their study where 21% of 102 
eultures were nontypeable. Coles and 
Eisenstark 2 reported 49.7% resistant to 
the action of all human typing phages, but 
only 18.8% were resistant to the action of 
eight adapted phages. A much larger per- 
eentage (93%) of the organisms isolated 
from the reproductive tracts of cows in 
the present study was not typeable. 
Twenty-four colonies were obtained from 
Staphylococcus 110 agar, and 15 of these 
were mannitol-fermenting staphylococci, al- 
though none gave evidence of coagulase 
production. Of these, only one was type- 
able, having a 3A/75/80/S3 pattern. In 
contrast to the reports of Easley et al.® 
and Gunter et al.,° our failure to find 
Staphylococcus aureus with any frequency 


positive, the milk samples yielded coagu- 
lase-producing cocci, and in all but 3 they 
were sensitive to one or more of the phages 
used. On the basis of coagulase production 
and phage sensitivity, there appears to be 
little or no relationship between the cocci 
isolated from the milk samples and those 
obtained from the cervices. 

In order to further characterize the 
cocci obtained from milk, a quantitative 
coagulase test was carried out, using 100 
of the 164 isolates. The results obtained 
with some of the more common phage pat- 
terns are illustrated (Fig. 1-3). The phage 
type S2 cocci (Fig. 1) obtained from the 
four herds (Table 3) were variable in their 
ability to produce coagulase. Eleven of 
the 24 organisms with reciprocal titers of 
128 or greater produced about the same 
amount of coagulase even though isolated 


PHAGE 428 6 | 
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from three different farms, while the re- 
maining cocci varied from almost zero to 
64. The strains of the S2 phage type varied 
widely in their production of coagulase. 
In Figure 2, representing eight herds with 
phage types S1/S3 and S6, is shown a 
group of organistas characterized primar- 
ily by high coagulase production. Only 
five exceptions occurred in 26 samples. Cow 
4 was interesting in that all of the quarters 
were infected with an apparently identical 
strain as defined by phage type and coagu- 
lase production. Cow 1, however, was in- 
fected in every quarter with the S1/S3 
type but each varied from the other with 
respect to coagulase. Figure 3 depicts the 
similarities and variations among strains 
of staphylococci that may occur in an indi- 
vidual herd based on phage typing and 
coagulase production. In both herds, the 
nontypeable strains were found to have 
very low coagulase activity. Consideration 
of 12 additional nontypeable organisms, not 
shown in Figure 3, revealed a mixed pat- 
tern of high, low, and medium coagulase 
production, although in almost half of 
them (5) it was very low, with a recipro- 
cal titer of less than 4. 

From the results, it is apparent that in 
general the nontypeable organisms are uni- 
formly low in coagulase production. Staph- 
ylococci of the same phage type may vary 
markedly in their ability to produce this 
enzyme. The variability in coagulase pro- 
duction may be the result of strain varia- 
tion. Smith et al.15 observed high and low 
coagulase-producing variants within the 
same strain, and occasionally a variant was 
found which produced no coagulase. The 
difference in coagulase production may also 
be due to an incomplete differentiation of 
strains by phage typing. Although partic- 
ular phage patterns are recorded, many of 
the cultures gave lytic reactions which were 
too weak to report. It is perhaps desirable 
to use both the test dilution and concen- 
trated phage when typing organisms in or- 
der to give a clear differentiation. Koch 
and co-workers 7 the use of con- 
centrated phage (1:10 dilution) to avoid 
possible loss of important phage types. 


suggest 
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SUMMARIO IN INTERLINGUA 


Le Nivellos del Activitate de Coagulase e le Configurationes de 
Phagotypia in Racias de Staphylococcus aureus, 
Isolate ab Vaccas in Michigan 


Inter 164 isolatos staphylococcic ab uberes bovin, 125 se provava typabile intra le serie 
basic de 24 phagos Blair-International e 6 phagos Seto-Wilson. Le phago le plus active— 
ie. S2—lysava 46% del 125 typabile culturas. Le configurationes phagic 82, 86, e S1/S3 
esseva commun a plus que un ferma. 82 esseva le plus frequente del tres. Multe altere con- 
figurationes esseva obtenite, reflectente similitudes intra le greges individual. Nulle relation 
esseva apparente inter coccos isolate ab le cervices uterin e le uberes del vaccas quando illos 
esseva comparate in lor sensibilitate phagic e lor production de coagulase. Staphylococcus 
aureus non esseva trovate communmente in le vias reproductori de vaccas pluriparas. Le 
nivello del production de coagulase variava extensemente inter le racias isolate ab le ubere, 
mesmo in le presentia de similitudes phagotypic. Le non-typabile organismos manifestava 
usualmente un basse grado de production de coagulase. Multes del phagos in le serie Blair- 
International lysava staphylococcos isolate ab le uberes, sed le resultante configurationes 
differeva ab illos de isolatos ab infectiones human. Staphylococcos de 2 o 3 differente 
phagotypos esseva obtenite ab le mesme vacca in cirea 10% del casos de animales portante 
typabile organismos. Nulle phagotypo individual esseva trovate in le population bovin de 
Michigan con le extense distribution reportate communmente in infectiones human pro le 
si-appellate racia epidemic, i.e. le phagotypo 80/81. 


The Comparative Susceptibility of Calves and Adult 
Cattle to Bovine Anaplasmosis 


T. O. Roby, D.V.M., M.S.; D. W. Gates, V.M.D., M.S. 


SUMMARY 


Comparative infectivity titrations on 
Anaplasma-infected blood were conducted 
in splenectomized and nonsplenectomized 
calves and cows. The results indicate 
that the most susceptible animal was 
the splenectomized cow. Splenectomized 
calves and nonsplenectomized cows were 
found to have a similar susceptibility to 
Anaplasma-infected blood. The nonsple- 
nectomized calf was the least susceptible 
animal. 


INTRODUCTION 


The effect of removal of the spleen (sple- 
nectomy) from cattle which have anaplas- 
mosis was first reported in 1926 by deKock 
and Quinlan.! They described the clinical 
relapse in infected carrier cattle following 
splenectomy. Subsequently, other workers 
found that splenectomy of noninfected cat- 
tle resulted in increased susceptibility to 
the disease.*: 1% 

Anaplasmosis research studies frequently 
involve splenectomized calves. Calves are 
easier to obtain, less expensive to maintain, 
and more convenient to work with than 
adult cattle. However, most clinical cases 
of anaplasmosis are seen in adult cattle 
under field conditions. In this study, we 
compared the susceptibility to anaplasmosis 
of calves and cows, both normal and sple- 
nectomized, when inoculated with carrier 
blood. The comparion was made by deter- 
mining the minimum infective dose of blood 
in each type of test animal. 


Materials and Methods 


An infectivity titration was performed on four 
groups of cattle consisting of 5 animals per group. 
The groups of animals were: (1) calves, nonsple- 
nectomized, (2) calves, splenectomized, (3) cows, 
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nonsplenectomized, and (4) cows, splenectomized. 
The animals were obtained from the anaplasmosis 
free herd at Beltsville. Ten cows and 10 male 
castrated calves of the Holstein-Friesian breed 
were used. Five of the adults and 5 of the calves 
were splenectomized ® 45 to 90 days before inocu- 
lation. Three of these animals had eperythrozo- 
onosis *° for a short time after the operation. These 
infections were mild, disappeared spontaneously, 
and were not observed in blood films made after 
the animals were inoculated with the diluted Ana 
plasma-infected carrier blood. All animals 
free from external parasites. The cows ranged in 
age from 3% to 11 years and in weight from 1,350 
to 1,690 lb. The ealves ranged in age from 4% 
to 7 months and in weight from 323 to 414 Ib. 


were 


Test animals of each group were inoculated intra- 
venously with diluted blood from a carrier of Ana- 
plasma marginale, animal 2319. Whole blood was 
collected aseptically into a flask containing suf- 
ficient dried sodium citrate to make a final con- 
centration of 0.5%. Before inoculation, the ei 
trated blood was diluted in tenfold serial dilutions 
in sterile normal bovine serum. 

Cow 2319 had been a known carrier of bovine 
anaplasmosis for 19 years. She had been isolated 
in screened facilities during her entire lifetime and 
had never been experimentally re-exposed to any 
infectious agent. At the time her blood was col- 
lected for this study, comple- 
ment-fixation antibody titer of the serum was 4+ 
at a 1:8 dilution. 

A preliminary test in splenectomized calves de- 
termined the approximate infective range of the 
donor’s blood, A 10° dilution of 1.0 ml. was found 
to be infective. Earlier work*® had that 
blood of another anaplasmosis carrier, having a 
complement-fixation serum titer of 1:10, was not 
infective beyond a dose of 1.0 ml. of a 10° dilution 
when inoculated into splenectomized calves. With 
this background data for predicting the infectivity 
range, it was postulated that a 1.0-ml. dose of 
diluted blood from carrier 2319 would become non- 
infective beyond the 10° and 10° dilutions. The 
dilutions used for each group of animals in the 
current study are shown (Table 1). The animals 
were inoculated intravenously with 1.0-ml. 
The nonsplenectomized calves were started with 1.0 
ml. of undiluted blood, since they were expected 
to be the least susceptible. The splenectomized 
cows were started at 10° dilution, since they were 
expected to be the most susceptible. The blood was 
diluted immediately before inoculation. Those 
animals given the highest dilutions were inoculated 
first. Seventy-three minutes elapsed between the 


the anaplasmosis 


shown 


doses 
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blood collection and the inoculations into all 
animals. 

The inoculated animals 
days. Rectal temperatures recorded twice 
daily during this period. Blood specimens were 
collected three times weekly. Giemsa-stained blood 
films from each sample examined micro- 
scopically, and the packed cell volume was deter- 
mined on each sampling. Phenolized 
ples on all blood specimens were tested by the 
standardized anaplasmosis complement-fixation 
(cr) method™ Infection indicated by the 
appearance of Anaplasma bodies, clinical signs of 
anemia, and positive cr reactions. To determine 
if irapparent infection had oecurred in animals 
not showing signs of anaplasmosis, 1 liter of blood 
from the first animal negative to anaplasmosis in 
each titration group was transferred into other 
susceptible splenecton.:zed calves. The suscepti- 
bility of all animals that did not develop anaplas- 
mosis within the 90-day observation period was 
subsequently tested by inoculation with large doses 
of blood obtained from cattle in the acute stage of 
infection with the same isolate of A. marginale. 


were observed for 90 


were 


were 


serum sam 


was 


Results 

The minimum dilutions of blood from 
anaplasmosis carrier 2319 that produced 
infection in each test group are shown in 
Table 1. Anaplasmosis developed in a non- 
splenectomized calf when 1.0 ml. of undi- 
luted blood was inoculated, but not in simi- 
lar calves when dilutions of 107% or higher 
were used. In the splenectomized calves and 
nonsplenectomized cows, infection devel- 
oped in those given 1.0 ml. of a 107% dilu- 
tion but not in those given higher dilutions. 
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In the splenectomized cows, infection de- 
veloped when 1.0 ml. of a 10° dilution was 
injected, but not with higher dilutions. The 
animals that remained negative to anaplas- 
mosis were later proved to be susceptible 
to the disease when their susceptibility was 
tested. Attempts to demonstrate inappar- 
ent infection in 4 animals negative to ana- 
plasmosis were not successful when 1 liter 
of their blood was inoculated into other 
splenectomized calves. No other blood in- 
fections‘ were observed in any animals 
after inoculation. 

In those animals developing infection, 
the incubation periods between inoculation 
and the first appearance of Anaplasma 
bodies were 29 days in 1 animal and 31 
days in 3. Positive cr reactions first oc- 
curred near the time the Anaplasma bodies 
appeared. Elevations in body temperature 
occurred during the development of anemia 
in the 4 infected animals. 

Clinical observations on the infected ani- 
mals are shown (Fig. 1). The disease ran 
a mild course in the nonsplenectomized calf 
that developed anaplasmosis. The parasi- 
tized erythrocytes did not exceed 10%, and 
moderate anemia developed. The infection 
in the nonsplenectomized cow also ran a 
mild course similar to that seen in the non- 
splenectomized calf. The splenectomized 
calf had a more severe infection; 40% of 
its erythrocytes were parasitized and it had 
marked anemia. In all 3 animals, the clini- 


TABLE 1i—Infectivity Titrations of Anaplasma-Infected Blood Inoculated into Nonsplenecto- 


mized and Splenectomized Calves and Cows: 


Minimum Infective Dilutions and Incubation 


Periods 


Dilutions of blood 
(intravenous 
1.0-ml. dose) 


Calves 


Nonsplenectomized 


+ (1.0 ml.) 
10 
10-4 


10 
10-* 


Postinoculation 
time when 


Anaplasma bodies 
appeared 
Positive CF reaction 
appeared 
Temperature first 
elevated above 104 F. 31 


Splenectomized 


Cows 
Nonsplenectomized Splenectomized 


Infectivity titrations 


+-(0.1 ml.) 


(0.01 ml 


+= Positive reaction (actual quantity of carrier blood producing anaplasmosis is shown in paren 


theses); — — negative reaction 
inoculation). 


(all negative animals were susceptible at challenge 90 to 


120 days after 


Po Incubation periods in animals developing anaplasmosis (days 
31 31 31 
33 28 33 
37 37 35 
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eal signs disappeared spontaneously, but 
the animals remained carriers and had no 
evidence of infection other than a persistent 
cF serum titer. The splenectomized cow 
that became infected developed severe clini- 
cal signs of anaplasmosis and died ten days 
after the Anaplasma bodies first appeared. 
On the day before death, 83% of its eryth- 
rocytes were parasitized with Anaplasma 
bodies. The cr antibody titers increased 
rapidly in all 4 animals near the time Ana- 
plasma bodies first appeared and then de- 
creased gradually in the 3 survivors. 


Discussion 


The determination of exact infectivity 
endpoints would require more than 1 test 
animal per dilution of blood. However, the 
method employed demonstrated differences 
between the susceptibility of splenectomized 
and nonsplenectomized cows and calves to 
anaplasmosis infection. Calves with intact 
spleens required the largest amount of 
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blood for infection, whereas splenectomized 
cows required much less blood for infection. 
The same doses of blood infected both calves 
without spleens and cows with spleens. 
These findings agree with the concept that 
susceptibility to anaplasmosis increases 
upon maturity and splenectomy. Further- 
more, they suggest a similar degree of sus- 
ceptibility between splenectomized calves 
and nonsplenectomized adult cattle. 

The dose of blood producing infection 
was smallest when inoculated into splenec- 
tomized cows. The marked susceptibility of 
splenectomized cattle to anaplasmosis was 
also illustrated in the report of Quinlan e¢ 
al.,12 when an animal infected with the 
‘*mild’’ Anaplasma centrale strain reacted 
so severely after splenectomy that it died. 

Comparable quantities of diluted blood 
(1.0 ml. of a 10% dilution) represented a 
minimum infective dose for the splenecto- 
mized calf and nonsplenectomized cows. 
The similarity in susceptibility of these 
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Fig. 1—Anaplasmosis produced by minimum infective doses of carrier blood inoculated into 

nonsplenectomized and splenectomized calves and cows. The percentage of parasitized erythro- 

cytes, complement-fixing antibody serum titers, packed cell volume, and temperature reactions 
are shown. 
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two types of animals supports the experi- 
mental use of splenectomized calves in 
studies of the disease. The differences in 
manifestation of clinical signs resulting 
from the same infective dose in the two 
types of animals may be due to individual 
variations, as well as to differences in their 
ages and splenic activity. It has been em- 
phasized by Lotze’ that the severity of 
anaplasmosis infection is subject to con- 
siderable variation and is related to the 
quantity and character of the infecting in- 
oculum, as well as to age and individual 
susceptibility. 

While individual animal variation may 
have influenced the severity of the disease, 
the small quantities of infective blood used 
in this study also may have influenced the 
course of the disease. It has previously 
been shown that a large number of sub- 
clinical cases of anaplasmosis occur in herds 
of infected cattle. Apparently, transmis- 
sion of the disease among cows frequently 
occurs without severe clinical manifesta- 
tions. It is believed that biting insects are 
responsible for much of the anaplasmosis 
transmission in enzootic areas of the south- 
eastern United States, as ticks are rarely 
found on eattle.2 Although the quantity 
and character of the infectious agent spread 
by such insects are undetermined, it would 
appear likely that in many instances the 
infective dose is quite small. 


SUMMARIO IN INTERLINGUA 


SUSCEPTIBILITY OF CATTLE TO ANAPLASMOSIS 
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Le Susceptibilitate Comparative de Vitellos e 
Bestial Adulte pro Anaplasmosis Bovin 


Comparative titrationes de infectivate con sanguine inficite per Anaplasma esseva con- 


ducite in splenectomisate e 


animal le plus suseeptibile esseva le splenectomisate vacca. 
sate vitellos e non-splenectomisate vaccas habeva un 
Le non-splenectomisate vitello esseva le animal le minus suseeptibile. 


inficite de Anaplasma. 


non-splenectomisate vitellos e vaccas. 


Le resultatos indica que le 
Esseva constatate que splenectomi 


simile susceptibilitate pro sanguine 


985 


Polysaccharide and Protein Relationships 
of Normal Bovine Serum 


George T. Dimopoullos, Ph.D. 


SUMMARY 


In a study of the relationship of total 
protein-bound polysaccharide and total 
serum protein of normal bovine serum, 
analyses were made on the serum of 215 
female cattle ranging in age from less 
than 3 months to more than 84 months. 
Young animals possessed less serum- 
bound polysaccharide and serum protein 
than the older animals, and the ratios of 
polysaccharide to protein remained es- 
sentially similar regardless of age. 


INTRODUCTION 


There is still little information on the 
origin and physiologic significance of the 
serum-bound polysaccharides.25 There has 
been considerable speculation on this sub- 
ject, and workers have advanced the theory 
that serum-bound polysaccharides arise 
during tissue proliferative processes when 
rapid cell growth and protein synthesis are 
taking place.‘® Others have stated that, in 
protein catabolism, these polysaccharides 
originate during the destruction of tissues 
or as a result of the depolymerization of 
connective tissue ground substance.?:% 14 
In any case, the concentration of these 
serum-bound polysaccharides is increased 
in infectious 7 14,19,22-24 and neoplastic dis- 
eases,”'® 11,14 injury and inflammation,! 15 
stress,’ and rheumatic disorders.® 1% 2° 

Some attention has been given to the re- 
lationship of polysaccharide and its carrier, 
the serum protein, of normal human serum. 
When expressed as the polysaccharide: pro- 
tein ratio, it has been of value as a clinical 
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diagnostic tool in neoplastic ® 1! and rheu- 
matic diseases in man.!*)!8-2° In normal 
human serum, this ratio has been found to 
increase with age,®:!7 although both poly- 
saccharide and serum protein concentra- 
tions tend to increase, also. In separate 
studies, it was observed that age affected 
the concentrations of both total serum pro- 
tein 1°13 and total serum-bound polysac- 
charide 4 in the bovine species. It appeared 
that relationship existed between 
these two substances in bovine serum. A 
change in either value would alter the 
ratio, and these changes might be useful in 
studying pathogenesis of disease. Since at 
this laboratory there was interest in these 
biologic substances as possible aids in de- 
termining more clearly some of the patho- 
logic processes involved in infectious dis- 
eases, it was necessary to establish normal 
values for the relationship of polysaccha- 
ride to protein and the effect of age on 
this ratio. 


some 


Materials and Methods 


A total of 215 
mixed dairy 
Their ages 
more than 84 months. 
under southern Louisiana conditions and were con 


single and 


this 


animals of 
breeding used in 
from than 3 
All animals were managed 


female 
were study. 


varied less months to 


sidered to be free from any apparent physiologic 
or pathologic disturbances. The numbers of animals 
in each age group are given (Table 1 

Blood was collected by jugular 
and allewed to clot. The serum, obtained by cen 
trifugation and decantation, was stored in sealed 


22 C. until it was analyzed. 


venipuncture 


vials at 

Total Serum Protein.—The biuret reaction was 
analyses of all serums.” 
0.2-ml. pipetted 
tubes adapted’ for use as spectrophotometrie cu 
vettes. An 0.85% 
4.8-ml. 
were then added. 
mixed, and the tubes were placed in a water bath 
at 32 C. for 30 minutes for optimal color develop 
All tubes were read in a spectrophotometer 
Reference standards and blanks 


used in the Duplicate 


samples, in amounts, were into 


solution of sodium chloride in 
and 5.0 ml. of biuret 
The materials were thoroughly 


amounts reagent 


ment, 
at 530 mu. were 
included in all analyses. 

Total Serum-Bound Polysaccharide. 


The tryp 
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POLYSACCHARIDE: PROTEIN IN BOVINE SERUM 


TABLE 1—Total Serum-Bound Polysaccharide, Total Serum Protein, and Polysaccharide: 
Protein Ratios of Normal Bovine Serum in Cows of Nine Age Groups 


Age No. of 
(months) animals 


>84 38 
a4 
36 


Total serum-bound 
polysaccharide* 


Age group mean values 


Polysaccharide 
protein ratiot 


Total serum 
protein** 


The mean polysaccharide:protein ratio for the 215 animals when considered as a group was 1.53 


Correlation coefficient of the relationship of polysaccharide and protein was calculated as 


215 animals. 

* Total serum-bound 
grams per 100 ml. of serum 
protein ratio. 


tophane reaction of Shetlar et al.” was used for 
the determination of total bound polysaccharide. 
diluted 1:2 with 0.9% 


ride solution, and 0.2-ml. amounts of the mixtures 


Serums were sodium chlo 
were pipetted dropwise into duplicate sets of spec 
trophotometrie tubes containing 10 ml. of absolute 
ethanol. The precipitates were centrifuged at 700g 
for 15 minutes, and the aleohol was decanted. An 
additional aliquot of 10 ml. of absolute ethanol 
was added, the precipitate was centrifuged 
again. The removed, amd the pre 
cipitates were drained by inversion of the tubes. 
Distilled water in 2-ml. amounts and 77% sulfuric 
acid in 7-ml. amounts then added to 
tube, and the contents were allowed to stand at 
25 C. for ten minutes to allow the precipitates to 
dissolve. The tubes were placed in an ice bath at 
5 C. for 15 minutes, and 1.0 ml. of a cold aqueous 
solution of 1.0% l-tryptophan was added to each 
sample. The contents of each tube were thoroughly 
mixed and immediately placed in a water bath at 
100 C. for 20 minutes. Each tube was shaken once 
after heating. All tubes were cooled in an ice bath 
for five minutes and then allowed to stand for 
25 minutes at 25C. for full color development. 
Optical densities were read at 580 mu. Reference 
standards and blanks with 
group of determinations. 


and 


aleohol was 


were each 


were included each 


Results and Discussion 


Mean group values of total serum-bound 
polysaccharide, total serum protein, and 
polysaccharide: protein ratios are shown 
(Table 1). It was evident that both poly- 
saccharide and serum protein levels in- 
creased significantly with an inerease in 
the age of the animals. These facts were 
substantiated in other reports dealing singly 
with polysaccharide * and serum protein 
studies.!°:!% Statistical showed 
the differences in these values between age 
groups to be highly significant.4;!° The 


analyses 


polysaccharide as milligrams per 100 ml. of serum 
+ Grams of polysaccharide/grams of serum protein x 100 


+-0.52 for the 


** Total serum protein as 
polysaccharide: 


polysaccharide: protein ratios remained rel- 
atively constant, as the data indicate in the 
present studies, even though the concen- 
trations of polysaccharide and protein in- 
creased with an increase in the age of the 
animals. This ratio did not change signifi- 
cantly, indicating that, at leas: in normal 
bovine serum, the polysaccharide and pro- 
tein were interrelated so that relatively 
constant ratios were present in animals of 
all the age groups that were represented. 

Statistical analyses of the relationship 
between total serum-bound polysaccharide 
and total serum protein gave a correlation 
coefficient of + 0.52. This value indicated 
that there was a highly significant correla- 
tion between the amounts of polysaccharide 
and protein in normal bovine serum. 

Several workers have independently re- 
ported that age influences the amount of 
serum protein present in human and 
in bovine serums,!°:!3 whereas others have 
shown that polysaccharide concentrations 
increase with age in bovine,* human,>:!7 
and rat? serums. 

The relationship of polysaccharide and 
protein in bovine serum has not received 
attention in veterinary research. One re- 
port was made on a study of the polysac- 
charide content in 13 samples of bovine 
serum obtained from animals of unspecified 
age.’ The average concentration of total 
serum-bound polysaccharide was found to 
be 124 mg./100 ml. of serum while the poly- 
saccharide: protein ratio was 1.53. The pro- 
tein content of the serum samples averaged 
8.08 Gm./100 ml. of serum. 

The ability of normal serum protein to 
bind polysaccharide, per se, has not been 


987 
121.80 8.12 1 

4 122.45 8.06 1 

3¢ 123.21 7.82 1 

111.03 7.42 1 

18-24 109.24 7.18 1 

12-18 ‘ 112.00 6.96 1 

6-12 22 107.50 6.83 

3-6 20 102.04 6.60 1 

<3 11 93.13 6.26 1.49 
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discussed previously. In the present studies, 
it was shown that normal serum protein 
can bind definite amounts of polysaccharide 
in relatively constant ratios, regardless of 
the concentration of protein. The ratios in 
cows of each age group demonstrated this 
fact since they were similar in magnitude. 


In disease, the ability of serum protein to 
bind polysaccharide apparently increases, 
thereby increasing the polysaccharide: 
protein ratio. This increased binding ¢a- 
pacity could be due to an alteration in 
binding sites in serum protein molecules, 
resulting from changes in molecular group- 
ings formed during the synthesis of anti- 
body or abnormal serum protein compo- 
nents. It should be considered also that, 
in disease, additional polysaccharide may 
be bound due to an increase in the concen- 
tration of serum protein. This increased 
ability of serum to bind polysaccharide as 
the protein concentration increases with 
age has been demonstrated in this study of 
normal bovine serum. 
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SUMMARIO IN INTERLINGUA 


Le Effecto del Etate Super le Proportion Polysaccharido:Proteina 
in Normal Sero Bovin 


In un studio del relation inter le total polysaccharido ligate a proteina e le total proteina 
seral in normal sero bovin, analyses esseva effectuate in le seros de 215 pecias de bestial 


feminin de varie etates ab 3 usque ad plus que 84 menses. Juvene animales possedeva minus 
polysaccharido ligate al sero e minus proteina seral que animales de etates plus avantiate, 
sed le proportion de polysaccharido a proteina remaneva essentialmente le mesme sin 


reguardo al etate. 


€ 


A Technique for the Surgical Removal of the 
Forestomachs of Calves 


F. Sauer, D.V.M., Ph.D., and G. J. Brisson, Ph.D. 


SUMMARY 


Four 3-week-old calves survived more 
than three months postoperatively when 
rumen, reticulum, omasum, and part of 
abomasum were removed surgically. 

At necropsy, there was a perforating 
gastric ulcer in 1 calf. The cause of death 
in the other 3 did not appear to be directly 
related to the surgical procedure. 

The usefulness of these calves for ex- 
perimental work was limited by their fail- 
ure to survive more than six months post- 
operatively and by the fact that gastric 
vagus innervation was destroyed and part 
of the abomasum removed at the time of 
surgery. 


INTRODUCTION 


The adult ruminant depends almost 
completely on volatile, short-chain, fatty 
acids for energy; utilizes simple carbohy- 
drates rather inefficiently ; and has a lower 
blood glucose and a higher blood ketone 
concentration than the nonruminant. These 
characteristics are generally attributed to 
the development of rumen function and 
emphasize the complicating influence of 
the rumen microflora on detailed studies 
of nutritional requirements for ruminants. 

During the course of investigations on 
carbohydrate digestion in young ruminants, 
it became desirable to conduct studies with- 
out interference from rumen fermentation. 
Rumenectomy techniques have been de- 
seribed in the literature *}+ but are limited 
in usefulness, since the omasum and some 
of the rumen-reticulum are left, thereby 
introducing the possibility of rumen. re- 
generation ? with subsequent microfloral 
development. The present report describes 
17, 1961. 
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a procedure for the removal of rumen, re- 
ticulum, and omasum in 3-week-old calves. 


Materials and Methods 


The following procedure was used with Holstein 
Friesian calves, 2 to 3 weeks old. The calves had 
muzzled shortly after birth to 
gestion of roughage. 

Feed withheld 24 hours 
Pentobarbital sodium was given slowly to effect, 
and the ealf was placed in right lateral 
bency. A 12-inch incision was made ap- 
proximately 2 inches posterior to the last rib, and 


been prevent in 


was before surgery. 
recum 
eurved, 


the peritoneal cavity was entered by routine pro 
Hand retractors used for proper 
exposure, The exposed viscera were kept thoroughly 
moistened with physiologic saline solution during 
the three-hour procedure. The spleen was freed of 
its dorsal, anterior, and ruminal attachments and 
removed after the splenic vessels were ligated. The 
celiac then and traced ven- 
trally to the hepatie artery. The right left 
ruminal, splenic, and omaso-abomasal arteries were 
ligated below the hepatie artery with No. 2 silk. 
The rumen was then freed of its attachments to 
the crura of the diaphragm, sublumbar muscles, 
and omentum, care being taken to avoid damaging 
the diaphragm. The rumen was then turned suffi- 
ciently to expose the portal and permit 
ligation of the ruminal and omaso-abomasal veins. 


cedure.” were 


artery was located 


and 


system 


Fig. 1—The rumen, reticulum, omasum, and part 
of abomasum (with omental attachments) removed 
from a calf at surgery. 


26 
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Fig. 2—Calf 1, one week after operation. 


Next, the abomasum was carefully exteriorized. It 
was noticed that the distal third of the abomasum 
blood supply from 
branches of the hepatic artery. Accordingly, in 
testinal clamps were placed across the abomasum 


received adequate collateral 


at this point, the proximal segment was freed of 
omental attachments, bleeding vessels were ligated, 
Next, in 
testinal clamps were placed approximately 2 inches 
along the 
The second cut was made, the rumen and omasum 
freed of remaining 
omental 


and the proximal segment was excised. 


from the cardia rumino-reticular wall. 


were omental attachments, 


bleeding vessels were ligated, and the 
rumen, reticulum, omasum, and proximal portion 
(Fig. 1 Alignment 


of the cut ends was facilitated by using a special 


of abomasum were removed 


Fig. 3—Viscera of calf 
4 at necropsy. Ribs and 
lung are reflected, expos- 
ing heart. Size of stom- 
ach (upper center) can 
be estimated by compar- 
ing with size of other 
organs. 


SURGICAL REMOVAL OF THE FORESTOMACHS OF CALVES 


99] 
stainless steel intestinal clamp, without handles, 
on the abomasal end. The cut ends were united by 
a Connell suture line with No. 1 chromic catgut 


followed by a reinforcing row of continuous Lem- 


bert suture. The incision was closed by routine 
procedure.” 
Animals were 


week 


24-hour supervision 
Electrolytes, dex- 


under 


kept 


for one postoperatively. 


Fig. 4—Intestinal tract of calf 4 with stomach 
removed. Notice normal development and apparent 
lack of adhesions. 


trose, and protein hydrolysate were administered 
intravenously for milk or 
water was permitted for 72 hours postoperatively. 
On the fourth day, approximately 50 ml. of milk 
and water was given at four-hour intervals; these 


maintenance, but no 


amounts were gradually increased until the animals 


— 
EN | 
\\ 
<2 
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Fig. 6—Section through juncture of abomasum and 
rumen-reticulum of calf 4. Underlying connective 
tissue has firmly united the two tissues. 


were on full feed, approximately three weeks after 
surgery. A four-hour feeding schedule was main- 
tained throughout the life of each animal. 


Results 

It is difficult at this time to accurately 
estimate the mortality that may be expected 
with this surgical procedure. Four calves 
died during surgery while this technique 
was being developed; 2 of these died be- 
cause the ligature on the celiac artery was 
placed incorrectly. Complete familiarity 
with the structural relationships of the 
celiac artery and its branches is essential, 
because it is often difficult to expose the 
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Fig. 5—Stomach of calf 

4 opened to show juncture 

of abomasum and rumen- 
reticulum. 


area adequately during surgery and the 
ligature must be placed with complete ae- 
curacy. However, attributable to 
surgery may occur even if this procedure 
is used as described. One calf died ten days 
after surgery from rupture of the abo- 
masal suture line after overfeeding, and 2 
calves died four days postoperatively from 


losses 


Fig. 7—Glandular development in abomasum of 
calf 4. 
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perforation in the anterior duodenum that 
may have been the result of insufficient 
blood supply to that area. 


The calves listed (Table 1) all had rapid 


TABLE i—Postoperative Survival and Weight 
Gains of Calves Following the Surgical Removal 
of the Forestomachs 


Postoperative 
survival 
(days) 


Postoperative 
weight gain 
(kg.) 


99 18.0 
102 10.5 
112 9.0 
199 39.5 


postoperative recoveries and, in spite of 
their relatively small weight gains, were 
active and alert. Calf 1 is shown (Fig. 2) 
one week after surgery. 

No calf survived more than 200 days 
after surgery. Calf 1 died from a perfor- 
ating ulcer of the stomach. Calves 2 and 3 
died suddenly and the cause of death was 
not apparent at necropsy. Calf 4 died in 
convulsive seizure after having recovered 
spontaneously from two previous attacks. 
Calcium, magnesium, and dextrose had no 
effect on these seizures. Calf 4 is shown at 
necropsy (Fig. 3) with ribs and lungs re 
flected. The size of the stomach (top cen- 
ter) can be estimated by comparison with 
other organs. The intestinal tract (Fig. 4) 
had developed normally and there appeared 


SuRGICAL REMOVAL OF THE FORESTOMACHS OF CALVES 


Fig. 8—Section through 

kidney cortex of calf 4. 

Notice area of lympho- 
cytic cell infiltration. 


to be no postsurgical adhesions. Figure 5 
shows the simple stomach that was formed 
by joining abomasum to the oesophageal 
end of the rumen. The pyloric region, the 
remuant of the fundie giand region of the 
abomasum, and the area of attachment to 
the ruminal end are shown. The presence 
of fundie giand activity in the stomach was 
indicated by acid stomach secretions that 
readily coagulated milk. The ruminal part 
of the stomach had grown since surgery, 
emphasizing the difficulty in completely 
rumenectomizing calves unless radical 
procedure is used. 

Figure 6 shows a section taken through 
the juncture of abomasal and ruminal tis- 
sue. The two tissues were firmly united by 
underlying connective tissue. A 
of the abomasal glands (Fig. 7) showed 
that glandular development was normal 
and that no injury resulted from derang- 
ing the abomasal blood supply. The liver 
(not shown) was normal both on gross and 
microscopic examination. In brain tissue 
there was slight meningeal congestion, but 
no other lesions were observed. The only 
abnormality was in the kidneys. The cap- 
sule was adherent and the surface was 
mottled. A few foci of lymphocytic cell 
infiltration were found in the cortex (Fig. 
8). There was slight shrinkage of glo- 
meruli, but the capillary lumens were 
patent. It is not known if these lesions 
were contributory to death of the animals. 
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Discussion 

The results of this work indicate that 
calves may survive for a limited time after 
surgical removal of rumen, reticulum, 
omasum, and part of the abomasum. The 
cause of death in one calf was attributable 
to a perforating ulcer, but the cause of 
death in the other 3 calves was not ap- 
parent at necropsy. The possibility that 
nutritional deficiency contributed to the 
death of these animals cannot be ruled out; 
however, it seems remote, since they were 
fed a balanced diet supplemented with 
vitamins and minerals.!- Further work is 
required to explain the failure of these 
calves to survive. 

Since the surgery and postoperative care 
represent considerable expenditure of time, 
it is apparent that the usefulness of such 
calves is limited to specifically designed ex- 
periments. Furthermore, results obtained 
must be subject to careful interpretation 
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in view of the fact that vagus innervation 
is destroyed and two-thirds of the abo- 
masum removed at the time of surgery. 
Nevertheless, these calves were valuable in 
studying the effects of orally administered 
carbohydrate on blood glucose concentra- 
tion. The surgical removal of the fore- 
stomachs in calves may be useful in nutri- 
tional or metabolic studies that depend on 
the rigid exclusion of rumen microbial fer- 
mentation products. 
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Un Technica pro le Ablation Chirurgic del Antestomachos de Vitellos 


Quatro vitellos de 3 septimanas de etate superviveva, pro plus que tres menses, un operation 


chirurgie que consisteva in le ablation del rumine, del reticulo, del omaso, e 


abomaso. 


Al neeropsia, un perforante uleere gastric esseva trovate in | del vitelios. Le 


morte in le altere 3 non pareva 


esser directemente 


de un parte del 


causa de 


relationate con le intervention chirurgie. 


Le utilitate de iste vitellos pro objectivos experimental esseva restringite per le facto que 


illos non superviveva le 


operation le innervation gastro-vagal esseva destruite e 


operation per plus que sex menses e, 


in plus, per le facto que al 
un parte del abomaso esseva removite. 


Serologic Studies Suggestive of Leptospira hardjo in a Beef Herd 


M. A. Ramirez, D.V.M., M.S.; R. C. Allen, Ph.D.: 


W. R. Van Dresse ms D. 


SUMMARY 


When leptospirosis occurred in a herd 
of 44 steers, blood samples were obtained 
once a month and all steers were killed 
three months after signs had first been 
noticed. Leptospires were not isolated 
from the steers but hamsters inoculated 
with urine from the steers developed a 
significant titer to the hebdomadis sero- 
group. The serologic variations obtained 
proved that the agglutination-lysis tests 
alone do not provide exact information 
concerning the infecting serotype, that 
for this it is necessary to carry cross- 
absorption studies. The results of the 
cross-absorption studies seemed to indi- 
cate that Leptospira hardjo might be the 
serotype responsible, and at the same time 
serums with titers to Leptospira sejroe 
were found. The results also suggested 
that the steers were infected with both 
Leptospira hardjo and Leptospira pomona. 


INTRODUCTION 


In a large percentage of the bovine serum 
samples submitted to this laboratory for 
serologic testing, predominant titers to the 
hebdomadis serogroup have been demon- 
strated. When these serums were tested 
against 3 serotypes of the hebdomadis sero- 
group, Leptospira hardjo (Hardjopra- 
jitno),* Leptospira sejroe (Mallersdorf) ** 
and Leptospira hebdomadis, cross-reactions 
to two or more of the above serotypes were 
observed. The purpose of this work is to 
report clinical and serologic studies on a 
beef herd in which agglutinins to the heb- 
domadis serogroup and to L. pomona were 
found. 


Received for publication Nov. 21, 1960. 
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*The strain of Leptospira hardjo (Hardjoprajitno) 
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Army Institute of Medical Research, Washington, D.C. 


Virginia 


Watson, V.M.D. 


Leptospira pomona is now recognized to 
be the most important cause of leptospirosis 
in the bovine and porcine species.!* The 
public health significance, economic impor- 
tance to the livestock industry, and patho- 
genicity of this organism have attracted the 
attention of research men to the extent that 
more is known about this serotype than any 
of the other leptospires.!° Information con- 
cerning the hebdomadis serogroup and its 
relationship to the problem of bovine lepto- 
spirosis is limited, however. 

For many years, investigators have been 
concerned with the presence in the bovine 
serums of agglutinins detected with anti- 
gens representing members of the hebdoma- 
dis serogroup. Galton et al.® first reported 
the presence of this agglutinin in bovine 
serums in the United States in 1952. The ag- 
glutinins present were active against L. sej- 
roe. Similar reports from various areas of 
the country have since appeared.?:*: 79 

During the past 8 years, some experi- 
mental work and several surveys have been 
conducted in an attempt to secure more in- 
formation about the problem.?:*:5 716 The 
presence of agglutinins against L. sejroc 
indicated that the animals had been exposed 
to this serotype. The etiologic agent, how- 
ever, was not isolated. Roth!! isolated 
L. hardjo, a serotype antigenically related 
to L. sejroe, from Louisiana cattle in which 
agglutinins against L. sejroe had been dem- 
onstrated. This was the first successful iso- 
lation of L. hardjo from eattle. The growth 
of the organism upon primary isolation 
apparently required modification of the 
Stuart’s medium by the addition of 0.3% 
agar (Difco). 

At Virginia Polytechnic Institute, sev- 
eral of 44 steers 12 to 16 months old, on a 
nutritional experiment, became ill and had 
elevated body temperatures that persisted 
2 to 4 days. They had diarrhea, inflamma- 
tion of the superficial lymph nodes, and 
loss of condition. 


Materials and Methods 


One steer killed and examined grossly for 
Blood samples were drawn from the re 


was 


lesions. 
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maining 43 steers at monthly intervals for sero 
logic examination. All of the steers were killed 
and examined 3 months after the first clinical signs 
were noticed. One milliliter of urine from each 
steer was injected intraperitoneally into each of 
2 hamsters. After the third postinoculation day, 
blood samples were taken daily from the hamsters’ 
hearts. One drop of blood was examined under 
dark-field illumination and 2 drops were placed 
into each of two tubes containing Fletcher’s 
medium. 


L.s. 


pomona 


bho. 


with L. 


Leptospiral strains for the agglutination-lysis 
test were grown in Bacto-Stuart’s Medium Base ™ 
(Difeo) containing 10% rabbit serum. Cultures 
of leptospires for antigen were incubated at 30C. 
All antigens used contained approximately 1.8 x 
10° leptospires as determined in a Petroff Hauser 
counting chamber.” 


Titers following absorption 


Serologic titers were determined by the agglu 
tination-lysis test and expressed as the dilution of 
the last tube showing agglutination of 50% of the 
cells. Serial dilutions of serums were made with 
sterile buffered 0.85% salt solution (pH 7); 0.2 
ml. of each serum dilution was mixed with 0.2 ml. 
of viable Leptospira antigen to give a final dilu- 
tion of 1:100, 1:400, 1:1,600, 1:6,400, 1: 25,600, 
and 1:102,400. The dilutions were shaken for one 
minute and ineubated for two hours at 37C. The 
agglutination test was read using a darkfield micro 
scope at a magnification of x 150. 


titer. 


the 


with L. hardjo 


of 


Titers following absorption 


Absorbing antigens were prepared from 10-day 
old cultures grown in the basal medium. The cul 
tures were treated with formalin to a final concen 
tration of 0.25% and centrifuged at 4,000xg at 
0C. for one hour. The supernatant fluid was dis- 
carded and the packed cells resuspended with for- 
molized buffered 0.85% salt solution (pH 7.4) to 
a density approximating the fourth tube in the 
MeFarland series. Four parts of the absorbing 
antigens were added to one part of the test serum. 


** reciprocal 


L.s. = L. sejroe; 


The mixed samples were placed in a Dubnoff 
shaker for two hours at 37C. and then held at 
4C. for 12 hours in a refrigerator. All serums 
were absorbed 3 times by this procedure. Micro- 
scopic aggiutination test with the absorbed serums 
was performed by the procedure described previ 
ously, except that the initial dilution was 1:40. 


Titers following absorption 
with L. sejroe 


L. heb. = L. hebdomadis, 


Results 

30dy temperatures up to 106 F. persisted 
for several days. The clinical signs observed 
were enlargement of the superficial lymph 
nodes, diarrhea, loss of appetite, roughness 
of the hair, and loss of condition. There 
were no deaths but the morbidity was high. 
Four weeks after initial signs of disease 
were noticed, necropsy of one steer revealed 
white spots, varying in size from 1 to 4 mm. 
in diameter, spread over the cortex of the 
kidneys. These spots were irregular in 
shape and many extended into the medulla. 
Histologically, there were large masses of 


L. pomona, L.h. = L. hardjo, 
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lymphoid cells infiltrating the cortex and 
medulla; there was also thickening of Bow- 
man’s capsule and discrete fibrosis. Some 
of the tubules appeared distended and filled 
with protein-like material. 

The cells of the tubules had undergone 
various degrees of degeneration. Before 
being killed, this particular animal had a 
positive titer of 1:400 to L. pomona and 
1:1,600 to L. sejroe. 

Figure 1 shows the total number of steers 
with positive agglutination-lysis reactions 
to the Leptospira antigens over a period of 
three months. Of 43 steers, 38 had positive 
titers to L. hardjo; of these 38 (L. hardjo- 
positive), 35 also had titers to L. sejroe and 
6 had titers to L. pomona. Three of 43 
steers had titers to L. pomona alone. Se- 
rums from naturaiiy infected cattle had 
titers ranging from 1:100 to 1:6,400 to both 
the hebdomadis and autumnalis serogroups. 
Leptospira hardjo, L. sejroe, representing 
the hebdomadis serogroup, and L. pomona, 
representing the autumnalis serogroup, 
were the antigens used. Over this period of 
time the animals that became ill developed 
higher titers to L. hardjo and to L. sejroe. 
This correlation was not consistently found 
with L. pomona. Leptospira canicola, L. 
and L. icterohaemorrhagiae 


autumnalis, 
did not produce agglutination titers above 
1:100. 

The average serologic titer of the 43 
steers over a 3-month period against L. 
pomona, L. sejroe, and L. hardjo is shown 


(Fig. 2). Titers to L. pomona remained 
low, whereas titers to L. sejroe went from 
1:400 in May to 1:3,000 in June and to 
1:200 for July. Titers to L. hardjo were 
in the order of 1:200 for the first two 
months but during the last month they went 
up to 1:2,900. The individual serologic 
pattern over the three-month period varied 
considerably. This is important because it 
demonstrates that the serologic test alone 
will not always provide evidence as to the 
infecting serotype. Results of the agglu- 
tinin absorption studies on eight bovine 
serum samples having hebdomadis—autum- 
nalis serogroup cross reactions are shown 
(Table 1). When serums were absorbed 
with L. sejroe, agglutinins to L. hebdomadis 
and L. sejroe were removed, while agglu- 
tinins to L. hardjo persisted in low titers. 
Absorption with L. hardjo removed the ag- 
glutinins to the three serotypes used. 
Leptospires were not isolated from the 
hamsters inoculated with urine from the 
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— h=Leptospira hardjo 
L.s.-Leptospira se jroe 
L.p=Leptospira pomona 


No. of steers 


L. p. 
Lp. 
Fig. 1—Total number of steers with positive ag- 


glutination-lysis reactions to Leptospira antigens 
over a three-month period. 


steers, nor were they seen under dark-field 
microscope or isolated in Fletcher’s medium, 
but serologic examination of hamster se- 
rums 20 days after inoculation revealed the 
presence of titers to the hebdomadis sero- 
group. 


Discussion 

These results seem to indicate that the 
serotype involved might have been UL. 
hardjo, since the agglutinins for L. hardjo 
are not completely removed when absorbed 
with L. sejroe. Following absorptions 


Reciprocal of 
oggiutinationtiters 


Pomona 
“FL. Sejroe 
OL Hardjo 


May Jeune July 


Fig. 2—Average serologic titer of the 43 steers 
over a three-month period. 
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with L. hardjo, the agglutinins for L. 
hardjo, L. hebdomadis, and L. sejroe were 
removed. When serums were absorbed with 
L. pomona, the serologic titers to L. hardjo, 
L. hebdomadis, and to L. sejroe were not 
changed. Cross absorption studies were not 
made using L. autumnalis since the sero- 
logie titers obtained for this serotype did 
not exceed the titer of 1:100 in 3 of the 44 
serums. 

The minor antigenic differences seen be- 
tween L. hardjo and L. sejroe might pro- 
duce ‘‘ paradoxical reactions.’’ This, how- 
ever, would have to be substantiated with 
further research designed to determine 
whether the nonspecific co-agglutinins 
would eventually disappear or diminish 
considerably. Wolf has shown that L. 
sejroe and presumably L. hardjo are not 
antigenically related to L. pomona. 

The steers in this study had not been 
vaccinated against leptospirosis. The pos- 
sibility exists that they might have been 
infected with both L. hardjo and L. po- 
mona. Infection with two serotypes of Lep- 
tospira has been experimentally produced. 

We were unable to isolate leptospires in 
Fletcher’s medium or to see them under 
dark-field illumination from hamster urine 
or blood. After this work was completed, 
Roth !! reported isolation of L. hardjo in 
Stuart’s medium modified by the addition 
of 0.3% agar (Difco). 


Failure to recover leptospires from ham- 
sters and guinea pigs following experi- 
mental infection has raised doubts as to 
their suitability fur this purpose.7;* The 
mildness of the signs developed by the in- 
fected hamsters may have indicated that 
the leptospiral strain used possessed a low 
degree of pathogenicity or that the ham- 
sters were more resistant than cattle. The 
possibility exists that more virulent strains 
may be present in naturally infected 
animals. 

The titers to the hebdomadis serogroup 
obtained from hamster serums following 
intraperitoneal inoculation of urine from 
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steers indicates that the steers were infected 
at the time of slaughter. A further indi- 
cation of this was the fact that gross and 
microscopic lesions suggestive of leptospi- 
rosis were found in the kidneys of some 
steers. 
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Studios Serologic, Suggerente le Presentia de Leptospira hardjo in 
Grege de Bestial de Consumo 


Quando leptospirosis occurreva in un grege de 44 boves, specimens de sanguine esseva 
obtenite a intervallos de un mense, e omne le animales esseva sacrificate tres menses post que 
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le prime signos del condition habeva essite notate. Leptospiras non esseva isolate ab le boves, 
sed hamsters inoculate con urina de illos disveloppava titros significative anti le sero-gruppo de 
Leptospira hebdomadis. Le variationes serologic obtenite provava que tests de agglutination e 
lyse per se non provide precise informationes in re le serotypo que causa le infection e que, pro 
obtener tal informationes, il es necessari interprender studios de absorption cruciate. In le 
presente caso, le resultatos de tal studios de absorption cruciate pareva indicar que L. hardjo 
esseva possibilemente le serotypo responsabile, sed al mesme tempore seros con titros anti 
L. sejroe esseva trovate. In plus, le resultatos suggereva que le boves esseva inficite tanto con 
L. hardjo como etiam con L. pomona. 


Ruminant Urolithiasis. IV. Ultrafiltration, Electrophoretic, 
and Chromatographic Studies on Urinary 
Biocolloids of Sheep 


C. E. Cornelius, D.V.M., Ph.D.; J. A. Bishop, B.S. ; L. R. Berger, Ph.D.; J. Pangborn, M.A. 


SUMMARY 


The total nondialyzable urinary bio- 
colloids of sheep were isolated by ultra- 
filtration procedures and separated into 
two fractions as either soluble or insolu- 
ble in 1M NaCl. Upon changing wethers 
from alfalfa pellets to concentrate pellets, 
the concentration of the urinary salt- 
soluble biocolloids increased with a de- 
crease in urine volume. No significant 
variations occurred in the salt-soluble 
biocolloid excreted per 24 hours per kilo- 
gram of body weight or in the filterable 
salt-insoluble ‘‘uromucoid”’ fraction. Sig- 
nificant increases occurred in the concen- 
tration and daily output of the salt-soluble 
urinary colloids per kilogram of body 
weight of sheep following subcutaneous 
implantation of diethylstilbestrol. Uri- 
nary biocolloids and serum proteins were 
fractionated using both electrophoresis 
and_ diethylaminoethyl-cellulose anion- 
exchange resins. 


INTRODUCTION 


Information concerning the total non- 
dialyzable solids (TNDS) in ruminant urine 
is nonexistent. Previous studies on urinary 
colloids in sheep have been confined to a 
protein-bound hexosamine fraction and 
a benzoate-adsorbee heterogeneous glyco- 
protein fraction isolated in this laboratory.5 
An increased concentration of this urinary 
glycoprotein fraction and the blood sero- 
mucoid was observed in sheep given a 
‘‘ealeuli-provoking’’ diet. During experi- 
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mental ovine calculosis, significant increases 
in neutral glycoprotein were observed by 
histochemical techniques throughout the 
urinary system as well as in the matrix of 
phosphatic calculous material.4 The inti- 
mate interrelationship between matrix and 
mineral in uroliths from various domestic 
species has recently been reported.® 

Ultrafiltration of urine and subsequent 
electrophoretic identification of urine col- 
loids, as studied by Boyce and coworkers 
in man,!? has revealed a_ salt-insoluble 
(1M NaCl) glycoprotein, ‘‘uromucoid’’ (T 
and H glycoprotein !*), and salt-soluble 
proteins with properties of certain serum 
proteins. They observed that the TNDS 
was three to 13 times greater in the urine 
of patients with calculous disease than in 
normal urine. 

The purpose of this investigation was 
threefold: (1) to examine quantitatively 
and qualitatively the TNDs in the urine of 
sheep both on differing diets and following 
subeutaneous implantation of diethylstil- 
bestrol; (2) to compare the salt-soluble 
(1M NaCl) urinary biocolloids with serum 
proteins electrophoretically and on diethyl- 
aminoethyl-cellulose anion-exchange resins ; 
(3) to purify and determine the homogene- 
ity of salt-insoluble ovine ‘‘wromucoid’’ 
(T and H glycoprotein). 


Materials and Methods 

The basic control diet was alfalfa pellets eon 
taining 1.43% K, 0.24% P, 1.28% Ca, and 0.18% 
Mg. To measure the effect of concentrate pellets 
on urinary colloidal excretion, a pelleted diet of 
15% alfalfa meal, 35% beet pulp, 20% linseed 
meal, 15% oats, and 15% wheat was fed. Analysis 
of the concentrate ration revealed a mineral com 
position of 0.88% K, 0.34% P, 0.70% Ca, and 
0.36% Mg. The effect of stilbestrol implantation 
on urinary colloids excreted was studied, using 
either 15 or 60 mg. of diethylstilbestrol by means 
of pellets implanted subcutaneously at the base of 
the ear. 

The 24-hour urine samples were collected in 
ice baths from sheep in metabolism stalls as pre 
viously described.° Thymol crystals were added to 
prevent bacterial growth. Each urine aliquot was 


[ 1000 ] 


Ver. Res 
{BER, 1961 


dified to pH 6.8 with 4 N acetic acid under con- 
tant stirring to foree any crystalline phosphates 

to solution and subsequently was filtered through 

coarse filter paper * to remove cells originating 
in the urinary system. Some of the ‘‘uromucoid’’ 
was also retained on the filter paper in this step. 
rhe filtered urine placed in cellophane 
dialyzing tubing ** and dialyzed against repeated 
changes of distilled water until the specific condue- 
tance was less than 20 micromhos per centimeter. 
The dialyzed specimens were subjected to ultra- 
filtration procedures as described previously by 
in a stainless steel filtration apparatust 
under 80 p.s.i. of nitrogen, using collodion mem- 
branes? with a pore size of 10 to 20 mu. Following 
ultrafiltration, the colloidal gel was washed off the 
membrane with 10 ml. of 1M NaCl and transferred 
to a 15 ml. centrifuge tube. Following 
centrifugation at 1,500 g for 10 minutes, the small 
amount of insoluble residue was washed with saline 
solution and again centrifuged. The saline wash- 
ings were transferred to the soluble fraction. Both 
soluble and insoluble fractions were dialyzed in 
% inch diameter dialyzing tubing against distilled 
water until free from ions, then lyophilized and 
weighed. 

The lyophilized soluble and insoluble residues 
were analyzed for the following: protein content 
by the biuret Folin-Ciocalteu 
agents’; sialie acid by the diphenylamine method 
of Winzler,” using a standardized solution of 
acetyl-sialie protein-bound hexose by the 
reaction’; and Schloss’ 
modifieation of the method of Elson and Morgan.” 

Electrophoresis of urinary per- 
formed by conventional techniques in an electro- 


was next 


Gorbman 


conical 


reaction or 


acid ; 
orcinol hexosamine by 


colloids was 
phoresis apparatus,* using a 2-ml. microanalytical 
cell. The diagonal slit and cylindrical lens system 
as recommended by Philpot * was used with special 
film. Tracings of negatives were made 
lack of uniform exposure in the 
original photographs from interference of urinary 
pigments. Lyophilized salt-soluble urinary colloids 
and serum proteins were dissolved and dialyzed 
against 0.1M veronal buffer at pH 8.6 prior to 
electrophoresis in this buffer system. Soluble uri- 
nary colloids were diluted to a concentration of 
2% protein prior to electrophoresis due to the high 
eoneentration of interfering bound or 
Serum proteins were analyzed electro- 
All protein 
were separated using 
The lyophilized 


7° 


dialyzed for 72 


contrast§ 
because of a 


adsorbed 
pigments. 
phoretically at a concentration of 4%. 
fractions in veronal buffer 
240 to 255 volts at 4.5 to 5.0 ma. 
colloid was 


insoluble urinary 


hours against 0.1M glycine buffer at pH 12.0 as 
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** No. 4465-A2, Arthur H 
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+ Model 4000, Hormann and Co., Newark, N.J. 
t No. LSG-60, Schieicher and Schuell Co., Keene, N.H. 


Holly Springs, Pa 
Thomas Co., Philadelphia, 


# Klett electrophoresis apparatus, New York, N.Y 
$ Contrast process panchromatic film, Eastman Kodak 


Co., Rochester, N.Y. 
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Boyee et and the 
resulting supernatant fraction following 
centrifugation was analyzed electrophoretically 
(160v, 9 ma) in this buffer system for 130 minutes 
at a concentration of 0.8 to 1.0 Gm% of protein. 
Serum proteins were treated ‘dentically at pH 12.0 
and analyzed electrophoretically for comparison. 

Serum proteins and salt-soluble urinary colloids 
were analyzed and compared chromatographically 
at 4C. on an anion-exchanger, diethylaminoethy! 
cellulose (DEAE-C)* by techniques similar to those 
described by Sober et al.” Serum samples were 
first dialyzed against distilled water, lyophilized, 
and resuspended in a smaller volume of distilled 
water before application to the column. Salt-solu 
ble urinary colloids from several sheep were pooled 
before being suspended in a few milliliters of 
water and applied to the pEar-c column. The salt- 
insoluble pooled fractions were rendered ‘‘soluble’’ 
by suspension in 0.1M glycine buffer at pH 12.0 as 
for electrophoretic analysis. When further concen- 
tration was needed, colloid was lyophilized and 
resuspended in distilled water before application 
to the columns. All protein fractions were slowly 
added to the surfaces of the DEAE-C columns and 
forced into the solid phase with a small amount 
of N» pressure. One to 5 ml. of solution I (Fig. 3 
were next added, and then a small amount of 
DEAE-C was used as a covering layer prior to final 
column assembly. Gradients made in the 
usual way from a reservoir to a mixing chamber. 
Gradient solutions were designated in this report 
by their theoretical limit concentrations although 
never completely reached. Elution gradients, col 
umn size, the amount of protein applied and ad 
sorbent used for the separation of ovine serum 
proteins and salt-soluble urinary colloids were simi- 
lar to those reported by Sober et al. All gradients 
are reported with the effluent diagrams in the sec 
tion on results. Effluent fractions were routinely 
examined in a speetrophotometer ** and expressed 
as milligrams of protein per milliliter by multiply 
ing 1.5 times the optical density at 280 mz. Stand 
ardization for protein was performed using bovine 
albumin with the biuret “ and Folin-Ciocolteu pro 
cedures 

Effluent fractions which were dialyzed free of 
conductivity, lyophilized, and reconstituted to ap 
proximately 5% protein were examined by paper 
electrophoresis. Electrophoretic analysis was per 
formed on a Spinco Model R electrophoresis cell 
using either 0.1 or 0.05M sodium diethylbarbital 
or 0.05M sodium tetraborate buffer systems at 
pH 8.6. Strips were stained with bromphenol blue 
and migration distances were compared to those 
of ovine serum proteins. 


described previously by 


soluble 


were 


Results 


The dry weights of the lyophilized 1M 
NaCl-soluble and -insoluble bioecolloids re 


* Biorad Laboratories, Richmond, Calif. 
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covered following ultrafiltration are pre- 
sented (Table 2). Im trial I, urine was 
first collected from a group of 15 sheep 
consuming alfalfa pellets. Subsequently, 
during the next month, urine was collected 
when they were fed a concentrate pelleted 
ration. During this second period, a signifi- 
cant increase was observed in the concen- 
tration (mg./liter) of salt-soluble urinary 
biocolloids (P = 0.02), and in the blood 
seromucoid concentration (P=0.01). No 
statistically significant change was observed 
in the salt-soluble urinary colloid when ex- 
pressed as milligrams per day per kilogram 
of body weight or in the filterable salt- 
insoluble ‘‘uromucoid’’ fraction. Much of 
the salt-insoluble fraction was lost due to 
the filtration of the urine through filter 
paper. The 24-hour urine volumes de- 
creased when the sheep were given the 
concentrate pellets (P = 0.05). Atmos- 
pheric temperatures were not greatly ele- 
vated at the times of urine collection in 
either period with mean minimum and 
maximum winter temperatures for the al- 
falfa and concentrate feeding periods at 
3 to 21 C. and 6 to 13 C., respectively. The 
significant reduction in urine volume per 
kilogram of body weight during concen- 
trate feeding was most likely the result of 
the change in diet as previously reported 
by Newsom ® and not a result of changes 
in environmental temperature. The lower 
urine volumes in turn are obviously related 
to the higher concentration of salt-soluble 
colloid in the urine. The concentration of 
soluble colloid in 12 of 13 wethers in which 
collections were made increased on the 
average by a factor of 1.91 when they were 
fed concentrate pellets. 

In trials II and III, urinary colloids 
were collected from 18 wethers: 6 controls, 
6 given 15 mg. of diethylstilbestrol im- 
plants subeutaneously, and 6 given a 60- 
mg. implant (see Table 1). Trial II con- 
sisted of urine collections one to nine weeks 
after implantation while trial III collee- 
tions were made on the same wethers ten 
to 15 weeks after implantation. Remark- 
able increases above the levels in the con- 
trol group were observed in the salt-soluble 
urinary colloid in about one-half of the 
wethers given diethylstilbestrol at either 
the 15- or 60-mg. level. The number of 
animals was too low in trials II and III 
for any true statistical representation of 
an ovine population. However, no levels 
of salt-soluble urinary colloids in any con- 


Am. J. Vet. Res 
ins _ NOVEMBER, 1961 


trol group or in the previous trials with 
concentrate feeding approached the eleva- 
tions encountered in these wethers follow- 
ing hormone implantation. Mean daily 
minimum and maximum environmental 
temperatures for trial II were 7 to 24 C., 
while in trial III temperatures were 14 to 
32 C. Salt insoluble colloid exeretion did 
not vary significantly. Blood seromucoid 
levels in trials II and III were difficult to 
interpret due to the limited number of 
sheep in each group. The 6 wethers given 
15-mg. implants of diethylstilbestrol in 
trial II, however, had lower seromucoid 
levels than their controls (P = 0.01). 

Partial organic analyses of ovine urinary 
colloids are presented (Table 2). These 
analyses suggest that the heterogeneous 
salt-soluble fraction contained more protein 
(as calculated from its tyrosine equiva- 
lents 7 ) and sialic acid than the salt-insolu- 
ble ‘‘uromucoid’’ fraction. Considerable 
protein-bound carbohydrate was present in 
both fractions. 

Phosphotungstic acid (PTA) has been 
used by some investigators !4 to precipitate 
a ‘‘protein-bound hexosamine’’ fraction 
from perchloric acid filtrates of ovine urine. 
Urine was examined before and after dial- 
yses against distilled water and following 
ultrafiltration through collodion membranes 
of a pore size 10 to 20 my to better charac- 
terize this heterogeneous fraction. The re- 
sults are shown (Table 3). It is quite 
apparent if the ‘‘tyrosine’’-reacting sub- 
stances from untreated urine were assumed 
to be only of protein origin as presented 
in Table 3, column 2, overestimates of the 
urinary protein concentration would be 
made. Since approximately one-half of the 
hexosamine and the majority of the ‘‘tyro- 
sine-reactive’’ substances are dialyzable 
and not firmly bound, it is questionable 
what percentage of this pta fraction would 
truly represent conjugated urinary glyco- 
proteins. 

Electrophoretic analyses of four samples 
of salt-soluble urinary colloids prepared 
by ultrafiltration of urine pooled from vari- 
ous sheep revealed the presence of similar 
proteins to those previously reported by 
Boyee et al.!:? and Webb et al.'® in normal 
human urine. Tracings of electrophoretic 
patterns obtained in 0.1M veronal buffer at 
pH 8.6 are compared to the normal serum 
proteins of sheep (Fig. 1). In all electro- 
phoretic analyses of salt-soluble urinary 
colloid from sheep fed either the concen 
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TABLE 2—Partial Organic Analyses of Ovine Urinary Colloids—Per Cent of Dry Weight 


% protein 
(biuret) 


R 


No. of 
Samples 


Diet x 
Pellet 


Alfalfa 


Constituent 


Total non 
dialyzable 
solids 


80.0 
(68.1-89.4) 


1M NaCl 
soluble 
colloids 


Alfalfa 80.6, 90.6 


1M NaCl 
soluble 
colloids 


84.4 
(80.6—90.0) 


Concentrate 


1M NaCl 
insoluble 
colloid 


Alfalfa 


1M NaCl 
insoluble 
colloid 


Concentrate 


trate ‘‘caleuli-provoking’’ diet described 
in a previous report ® or alfalfa pellets, the 
greatest concentrations of proteins mi- 
grated similarly to that of the serum alpha-1 
and alpha-2 globulins and albumin. Any in- 
creases in the concentration of alpha-globu- 
lin in urine would increase the concentra- 
tion of urinary protein-bound carbohydrate 
since the majority of serum glycoproteins 
are present in the alpha-globulin fraction. 

Pooled salt-insoluble ‘‘uromucoid’’ frac- 
tion and serum protein were treated at pH 
12.0 as described in the section on ma- 


x 


% tyrosine 


%o 
hexosamine 


% sialic 
acid 
R 


% hexose 


R x 


5.4 
(4.1-6.4) 


5.1, 5.4 


1.9 
(1.4-3.3) 


terials and methods and were subjected to 
electrophoretic analysis at pH 12.0 in 0.1M 
glycine buffer as previously performed by 
Boyee et al.2 on human ‘‘uromucoid.”’ 
Boyce et al.? reported that this highly solu- 
ble form had lost nearly two thirds of its 
original hexosamine content. The majority 
of the ovine salt-insoluble ‘‘uromucoid’’ 
fraction treated in this manner separated 
as one component as reported previously 
in man.? The ovine serum protein, how- 
ever, contained a small component corre- 
sponding to the mobility of this ‘‘uromu- 


TABLE 3—Changes in the Composition and Concentration of the Phosphotungstic Acid—Pre- 
cipitable Fraction* from Urine of Wethers** Following Dialysis and Ultrafiltration 


(1) 
24-hr. urine Tyrosine 


volume (ml.) 


2,410 


Sample 
No. 


1 


Treatment 


None 
Dialyzed + 
Ultrafiltered 


5.39 
0.596 
0.026 


13.10 
0.982 
0.105 
5.87 
0.807 
0.026 


3.0 
0.429 
0.026 
5.73 
1.62 
0.026 


None 
Dialyzed 
Ultrafiltered 


1,380 


None 
Dialyzed 
Ultrafiltered 
None 
Dialyzed 
Ultrafiltered 
None 
Dialyzed 
Ultrafiltered 


initial adjustment of pH to 6.8 and the 
** Experimental “calculi-provoking”’ 


100 ml. urine 
(3) 
Hexosamine 
conc 


mg 
(2) 
Protein 
conc. 


61.! 0.81 
0.36 


1.06 
0.83 


65. 


* All aliquots were precipitated with phosphotungstic ucid as recommended by Winzler™ following 
removal of the heat-coagulable proteins with perchloric acid. 
diet described 


previously.® 


*** Protein values calculated assuming a composition of 9% tyrosine. 


+ Dialvzed against ion-free water until 
mately 48-72 hours). 


t Concentration too low for measurement. 


specific 


conductivity 


less than 10 micromhos/cm. (approxi 


(5.7-8.8) (5.7-8.1) 4.5-7.2) 
2 8.8, 7.1 7.8, 6.0 6.5, 6.0 
4 6.4 4.9 7.3 6.4 
(5.2-—7.6) (3.1-6.5) (5.8-8.6) (3.7-8.6) 
2 3.6, 6.2 3.8, 4.1 5.3, 5.5 
4 3.7 5.7, 6.6 3.9 
(2.4-4.4) (2.5-5.7 
| equivalents (2)/(3 
1 78 
19 
0.3 
150.4 142 
11.0 
1.2 
3 2,520 67.0 1.15 KA 
9.2 0.86 11 
0.3 
4 2,595 34.2 1.2 2R 
4.9 0.53 9.3 
0.3 
5 1,620 it 1.93 34 
5 0.86 21 
3 


Am. J. Ver. Res 
NOVEMBER, 1961 


Fig. 1—Tracings of comparative electrophoretic 
patterns, at pH 8.6, of ovine serum proteins (1) 
and pooled 1M NaCl soluble urinary colloids from 
sheep fed a ‘‘calculi-provoking’’ diet*® (II) and 
from sheep on a diet of alfalfa pellets (III). 
Veronal buffer, pH 8.6, ionic strength 0.1, 180 
minutes, descending toward anode. 


coid’’ fraction, in contrast to the findings 
in man. The electrophoretic separations of 
the ‘‘uromuecoid’’ fraction from wethers 
fed either alfalfa or concentrate rations 5 
were identical in presenting (Fig. 2) one 
major component and two smaller com- 
ponents with greater mobilities. The two 
components of lesser concentration could 
well be degradation products resulting 
from a different degree of hydrolysis of 
an originally homogeneous glycoprotein at 
pH 12.0. 

Serum proteins from 7 sheep were sepa- 
rated on DEAE-C as described in the section 
on materials and methods. Serum protein 
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effluent diagrams of wethers 882 and 889 
are presented (Fig. 3,4). In general, the 
pattern of elution of proteins closely re- 
sembled that reported for other mammals 
by Sober et al.1! Effluent fractions were 
pooled, dialyzed, and lyophilized. The lyo- 
philized residues were suspended in 0.1M 
veronal buffer and examined by paper elec- 
trophoresis. In most serum samples exam- 
ined, pure gamma-globulin fractions were 
observed immediately in the first few tubes 
(Fig. 4-A, B) of effluent, suggesting little 
affinity of this fraction for the resin at the 
starting conditions. Following the intro- 
duction of buffer II, beta and alpha globu- 
lins usually appeared along with trace 
amounts of gamma globulins (Fig. 4-C). 
The majority of the alpha globulins ap- 
peared in the effluent following buffer III 
but were present in small concentrations 
throughout all fractions collected there- 
after. Albumin appeared following the in- 


Fig. 2—Tracings of comparative electrophoretic 

patterns at pH 12.0 of normal ovine serum proteins 

(I) and the 1M NaCl insoluble uromucoid (UM) 

fraction treated at pH 12.0. Glycine buffer, pH 

12.0, ionic strength 0.1, 130 minutes, ascending 
toward anode. 
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Fig. 3—Effluent diagram of serum from sheep 882: 280 mg. of protein in 4 ml. of buffer I 

applied to 25 Gm. of DEAE-cellulose. Fraction volumes 6.0 ml. of effluent, mixing chamber 

volume 125 ml. under 2 p.s.i. N. pressure. Buffers: I, 0.005 M Na phosphate, pH 7.0; II, gradient 

to 0.02M Na phosphate, pH 6.0; III, gradient to 0.05M NaH.PO,; IV, gradient to 0.05M 

NaH.P 0, + 0.02M NaCl; V, gradient to 0.05M NaH.PO,+ 0.05M NaCl; VI, gradient to 0.05M 
NaH.PO, + 0.1M NaCl. Column, 35.0 by 2.5 cm. 


am 
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SHEEP SERUM 889 


20 60 200 221 
FRACTION NUMBER 
Fig. 4—Effluent diagram of serum from wether 889: 567 mg. of dialyzed and lyophilized serum 


proteins applied in 9 ml. of buffer I to 25 Gm. of DEAE-cellulose. Elution schedule as in Figure 
3. Fractions, 9 ml. 
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troduction of buffer III and was in its 
highest concentration following the start 
of the buffer IV gradient. In no fractions 
except in the initial effluent which con- 
tained gamma globulin alone were gamma, 
beta, and alpha globulins and albumin to- 
tally resolved. The majority of the serum 
proteins, however, emerged in the order of 
their decreasing isoelectric points in the 
decreasing pH and increasing salt gradient. 
Quantitative serum protein recovery was 
obtained from the anion-exchange columns. 

Seventeen sheep were tested * for soluble 
blood group substances. Twelve were type 
O; 5 were type R.!? Similar reacting sub- 
stances were found in the salt-soluble col- 
loid isolated from the urine and in all cases 
agreed with the type observed in the blood. 
Soluble blood group substances in serum 
proteins eluted routinely from DEaE-c fol- 
lowing the introduction of buffer V and 
were found in only fractions K and L 
as shown (Fig. 4). All fractions of the 
urinary salt-soluble colloid, eluted from 
DEAE-C, reacted positively for the presence 
of blood group substances. 

Six pooled salt-soluble urinary biocol- 
loid fractions were applied to DEAE-C col- 
umns and eluted with buffer gradients as 


with serum proteins (Fig. 5, 6). The pat- 
tern of protein elution resembled the serum 
proteins qualitatively, except that paper 


electrophoretic resolution of components 
was poorer and residual proteins routinely 
remained on the column following buffer 
gradient III. This urinary protein frac- 
tion (Fig. 5, 6G) was routinely removed 
with 1M KCl and its electrophoretic mobil- 
ity was similar to that of serum alpha- 
globulin. This fraction may not represent 
a homogeneous protein but only a group 
of denatured proteins ‘‘trailing’’ in the 
elution pattern. Electrophoretic mobilities 
of the urine salt-soluble biocolloids from 
pooled effluents (Fig. 5, 6A-F) were in 
most fractionations as follows: A and B, 
pure gamma globulin; C, composed pri- 
marily of alpha globulin and albumin with 
small amounts of gamma and beta globu- 
lins; D, mainly alpha with traces of gamma 
and beta globulin; E and F, small amounts 
of equal proportions of gamma, beta, and 
alpha globulins. Quantitatively, it was 
quite apparent that the largest fractions 
of the urinary salt-soluble colloids were 


* The authors thank Dr. Clyde Stormont for the test- 
ing of soluble blood group substances in the plasma and 
urine. 


alpha globulins as observed by electro- 
phoresis (Fig. 1, 2). Similar observations 
have been reported in man by others. > 16 

The pooled paper-filterable salt-insoluble 
‘‘yromucoid’’ fraction, following alkaline 
degradation to the soluble state, reacted as 
a homogeneous protein in having little affin- 
ity for the resin at a high salt concentra- 
tion near neutrality (Fig. 7). The treated 
‘‘uromucoid’’ fraction under a different 
elution schedule eluted essentially as one 
major component following a very low con- 
centration of Na phosphate at pH 7.7 ( Fig. 
8). Pooled insoluble fractions from weth- 
ers on alfalfa diets with or without diethyl- 
stilbestrol implantation eluted identically 
from DEAE-C resins. 


Discussion 

In previous experiments in which an in- 
crease in the concentration of a benzoate- 
adsorbed urinary glycoprotein fraction in 
sheep on a ‘‘calculi-provoking’’ diet was 
observed, a high percentage of the wethers 
died from urethral occlusion, rupture of 
the urinary bladder, and subsequent ure- 
mia.> The diet developed for the present 
biocolloid study was similar to existing 
feedlot rations in California and would not 
produce a high morbidity due to urolithi- 
asis. The plan was to study the effects of 
an average concentrate diet on the levels 
of the total nondialyzable urinary biocol- 
loids rather than with only one fraction. 
It cannot be assumed that the urinary bio- 
colloids would necessarily be qualitatively 
similar on the non-caleuli-provoking con- 
centrate ration as compared to the ealeuli- 
provoking concentrate ration previously 
employed.> The pelleted diet used in the 
present study, however. has produced cal- 
euli in some California feedlot cattle. 

It was quite evident in trial I of the 
present study that the concentration of 
1M NaCl-soluble urinary colloid increased 
when wethers were placed on a_ pelleted 
concentrate diet. The reduction in urine 
volume in changing from the alfalfa to 
concentrate pellets most likely accounted 
for the increase in colloid concentration °: 
however, the age effect of animals being 
6 weeks older cannot be entirely overlooked. 
Significant concentrations of principally 
alpha-glycoglobulins and albumin in the 
urine during concentrate feeding would 
certainly agree well with previous histo- 
chemical findings at this laboratory of a 
neutral glyeoprotein matrix in ovine eal- 
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URINE SOLUBLE FRACTION 
(SHEEP 876, 882, 883) 


Fig. 5—Effluent diagram 
of salt (1M NaCl) soluble 
pooled urinary colloids 
from 3 wethers: 211 mg. 
of lyophilized colloids ap- 
plied to column (8.5 by 
1.0 cm.) of DEAE-cellu- 
lose. Buffer volumes were 
approximately 25% of 
those employed on serum 
proteins. Buffer concen- 
trations were identical 
to serum chromatography 
gradient. Buffer VII, to 
1M KCl. Fractions, 9 ml. 


80 100 
FRACTION NUMBER 


culous material. The observed increase in 
the blood seromucoid level > on the concen- 
trate diet is also of interest, since this 
globulin fraction is mainly composed of 


URINE SOLUBLE FRACTION 


(SHEEP 677, 865, 687, 886, 66 


PROTEIN (mg/mi) 


Fig. 6—Effluent diagram of salt (1M NaCl) sol- 
uble pooled urinary colloids from 5 wethers: ap- 
proximately 280 mg. of lyophilized colloids to col- 
umn (6.0 by 0.9 cm.) of adsorbent. Fractions, 9 
ml. Elution buffers were identical to those em- 
ployed in serum protein chromatography and in 
Figure 5. 


neutral glycoproteins of smaller molecular 
size than most other globulin components. 

It was of special interest that no statis- 
tically significant increase was observed in 
the salt-soluble urinary colloid per 24 hours 
per kilogram of body weight or in the in- 
soluble fractions. Since the urinary col- 
loids were filtered through coarse filter 
paper, a distinct possibility exists that 
some highly polymerized insoluble colloids 
could have been occluded in the paper 
along with the cells from the urinary sys- 
tem. Preliminary studies with five urine 
samples which were either centrifuged or 
filtered indicated that no salt-soluble col- 
loid is trapped in paper filtration, but salt- 
insoluble colloid may be lost in certain 
samples. 

In trials If and III, in which 15 and 60 
mg. of diethylstilbestrol were implanted, 
extremely high levels of salt-soluble colloid 
occurred in approximately 50% of the 
sheep during each collection period. The 
lower levels in the other sheep were not due 
to a lack of a physiologic response to the 
hormone, since different sheep of both 
groups varied in their level of salt-soluble 
urinary colloid from trial II to III. Since 
urine from each sheep was collected only 
onee in each trial, daily variations may 
have occurred. The amount of time re- 
quired for ultrafiltration of each sample 
precluded the possibility of more collec- 
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POOLED INSOLUBLE FRACTION 


Fig. 7—Effluent diagram 
of salt (1M NaCl) insol- 
uble pooled urinary frac- 
tion, uromucoid, from 11 
wethers: 87 mg. of colloid 
treated at pH 12.0 in 
glycine buffer for 72 


FROM URINE 


hours and dialyzed 
against buffer I. Fraction 
volume, 4 ml. Buffers: I, 
0.005SM Na _ phosphate- 
1.6M NaCl, pH 6.5 (in 
mixing chamber) 1,800 
ml.; II, 6M NaCl in 0.05 
M tris buffer, pH 7.8 (in 
reservoir at start of run) ; 
III, gradient to 6M NaCl 
in 0.05M tris buffer, pH 
9.5. 


ALK added 
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tions from each sheep. These findings agree 
with those of Udall* ; ¢.e., a urinary protein- 


* Udall, R. H.; Colorado State University, Fort Collins 
Personal communication, 1958 


POOLED INSOLUBLE 
FRACTION FROM URINE 


PROTEIN (mg/ml) 
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60 80 100 
FRACTION NUMBER 
Fig. 8—Effluent diagram of salt (1M NaCl) in- 
soluble pooled urinary fraction, uromucoid, from 
6 wethers: 26 mg. of colloid treated at pH 12.0 
in glycine buffer for 72 hours. Fraction volume, 
6 ml. Buffers: I, distilled water; II, gradient to 
0.0015M Na phosphate, pH 7.7; III, gradient to 
0.05M Na phosphate-0.3M NaCl, pH 7.6; IV, 
gradient to 0.5M Na phosphate-1.0M NaCl; V, 
gradient to 0.05M Na phosphate-1.7M NaCl. 
Fraction volume, 4 ml. 
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bound hexosamine fraction was elevated 
in sheep following estrogen implantation. 
The ‘‘calculi-provoking’’ effect of stilbes- 
trol administration in sheep'® has been 
reported. The exact identity of the bio- 
colloids increasing in concentration follow- 
ing estrogen implantation is not known 
and awaits further study. It was of inter- 
est, however, that for two samples with an 
elevation of the 24-hour salt-soluble urinary 
colloid fraction stilbestrol-treated 
wethers there were profiles of effluent dia- 
grams On DEAE-C that were indistinruish- 
able from those examined from cvntrol 
sheep on alfalfa hay. 

Electrophoretic analysis of the salt- 
soluble urinary colloid was similar quali- 
tatively from sheep on either alfalfa or 
concentrate rations with the majority of 
proteins migrating as alpha globulins and 
albumin, but with lesser amounts migrating 
as gamma and beta globulins. It was quite 
evident that the increase observed in the 
concentration of salt-soluble urinary col- 
loids on the concentrate diet would be in 
actuality an increase in the alpha-glyco- 
globulin fraction which is known to con- 
tain conjugated proteins of a similar com- 
position to the neutral glycoprotein matrix 
previously studied from ovine calculous 
material. The salt-insoluble ‘‘uromucoid’’ 
fraction migrated electrophoretically at 
pH 12.0 as essentially one homogeneous 
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protein as reported previously in humans.® 

Preliminary studies on the fractionation 
of ovine urinary biocolloids on DEAE-C 
agree with the electrophoretic analyses re- 
ported here. Again, the greatest concen- 
tration of salt-soluble protein components 
eluted similar to serum alpha-globulins and 
albumin with smaller concentrations of 
other protein fractions. Paper electro- 
phoresis further substantiated these simi- 
larities. A urinary salt-soluble protein 
fraction in all samples could not be eluted 
using buffer gradients suitable for serum 
proteins and required salt at a high ionic 
strength for elution. This fraction may 
represent denatured components originat- 
ing from the serum or a protein fraction 
originating in the urinary tract. The ma- 
jority of the ‘‘uromucoid”’ fraction treated 
at pH 12.0 in 0.1M glycine buffer also ap- 
peared essentially as one homogeneous com- 
ponent in the electrophoretic separations. 
Evidence presented in this study would 
suggest that this salt-insoluble fraction can 
be purified readily on DEAE-C resins follow- 
ing partial degradation with loss of certain 
carbohydrate moieties at pH 12.0, and this 
‘‘uromucoid’’ appears to be essentially one 
homogeneous protein when recovered from 
the urine of sheep. The major component 
separating from the ‘‘uromucoid’’ fraction 
in sheep may be similar to the virus inhibi- 
tory glycoprotein first isolated by Tamm 
and Horsfall in man.!* Boyce et al.’ have 
reported increased amounts of salt-insolu- 
ble ‘‘uromucoid’’ in human patients with 
ealeulous disease. Evidence presented in 
this study does not suggest that increased 
levels of a paper-filterable ‘‘uromucoid’”’ 
fraction are associated with concentrate 
feeding in sheep. 
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Urolithiasis de Ruminantes. IV. Studios de Ultrafiltration, Electrophorese, 
e Chromatographia in Biocolloides Urinari de Oves 


Le total nondialysabile biocolloides urinari de oves esseva isolate per technicas de ultra 


filtration e separate in le duo fractiones de solubile e non-solubile in 1 M NaCl. 


Post que 


arietes habeva essite transferite ab un dieta de bullettas de lucerna ad un dieta de bullettas 
de coneentrato, le nivellos urinari de biocolloides solubile in NaCl montava in parallela con 
un declino del volumine de urina. Nulle significative variationes ocecurreva in le excretion in 
24 horas de biocolloide solubile in sal quando mesurate in unitates per kilogramma de peso 
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non solubile 


corporee, e nulle tal variationes occurreva in le filterabile fraction ‘‘ uromucoide’ 
in sal. Del altere latere, significative augmentos occurreva in le concentration del colloides 
urinari solubile in sal e in lor exeretion diurne per kilogramma de peso corporee in oves que 
habeva recipite implantationes subeutanee de diethylstilbestrol. Le biocolloides urinari e le 
proteinas seral esseva fractionate con le uso de electrophorese e del technica a resinas de 
excambio anionic con cellulosa diethylaminoethylic. 


The Creatinine Coefficient of Normal Sheep 


M. Z. Barakat, Ph.D., and A. Abdalla, D.V.M. 


SUMMARY 


Normal sheep urine samples voided per 
day were collected in Egypt during the 
“green”’ and ‘‘dry’’ seasons from normal 
Ossimi and Rahmani mature rams which 
varied in age and body weight. Toluene 
was used as a preservative for each 24- 
hour urine sample. 

The daily output of urinary creatinine 
and creatine was determined by Folin’s 
method for these two breeds. The total 
excretion of urinary creatinine plus crea- 
tine per day was found to be fairly con- 
stant for individual sheep. 

The creatinine coefficient was estab- 
lished by adding the creatinine nitrogen 
to the creatine nitrogen output per day 
and dividing the total, expressed in milli- 
grams, by the body weight of sheep (in 
kilograms). The mean creatinine coeffi- 
cients of Ossimi and Rahmani sheep were 
found to be 31.02 and 32.58, respectively. 
The creatinine coefficient decreased with 
increased age and body weight. 


INTRODUCTION 


There appears to be no report in the 
literature concerning the creatinine co- 
efficient of normal sheep. Only scattered 
data have been reported on the analysis of 
random specimens of sheep urine.’ A\l- 
though the percentage distribution of ni- 
trogen in the urine of fasting sheep? is 
known, the results are derived from the 
analysis of rendom samples and are not 
an actual representation of the daily crea- 
tinine and creatine output in normal sheep 
urine. 


Experimental Procedures 


This investigation was part of a general scheme 
for analysis of urine. The 
belonged to the Biochemistry Department, 


normal sheep rams 


used 
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Faculty of Veterinary Medicine, Cairo University. 
They were kept under hygienic conditions. The 
ration varied according to the time of sample 
collection, but was normal and 
adequate to maintain metabolic require 
ments. During the ‘‘green’’ 
ruary and May, the daily ration contained ber 
seem, Trifolium alerandrinum (12 lb.), and wheat 
bran (2 lb.); during the ‘‘dry’’ 
June and August, it contained wheat bran (2 Ib. 
and barley (3 Ib.). Wheat straw provided 
ad libitum as roughage. Rice straw 
bedding, and the animals usually ate some of it. 
Water was supplied ad libitum. 

A 24-hour urine sample was collected by means 
of an apparatus (Fig. 1, 2) which was, in its 
main features, analogous to that devised by Bas 
sett.’ This method seemed to be the most practical 
and satisfactory for collecting urinary output per 
day without any loss. The urine specimens were 
collected from 26 Ossimi and 26 Rahmani mature 
rams which varied in age (from 1 year 6 months 
to 2 years 6 months, and from 1 year 3 months to 
2 years 10 months, respectively) and body weight 
(from 32.35 to 53.92 kg., and 26.96 to 62.90 kg., 
respectively ). 

A total of 150 samples of normal sheep urine 


were collected from the 52 sheep (two breeds) for 


considered was 
normal 


season, between Feb 


season, between 


was 
was used as 


determining creatinine and creatine. Of 71 sam 
ples from Ossimi sheep, 31 and 40 urine samples 
collected during the ‘‘green’’ 
seasons, respectively. Of 79 samples from Rahmani 
sheep, 38 and 41 were collected during the respee 
One to three taken 
To each sample was added 5 


were and ‘‘dry’’ 


tive were 
from each animal. 
ml. of toluene as a preservative. 


seasons. samples 


The determination of creatinine and creatine in 
24-hour 
Folin’s method 


each urine sample was carried out by 
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Results and Discussion 

An analysis of the results of the quanti- 
tative estimation of creatinine and creatine 
is shown (Table 1), as is the daily total 
excretion of creatinine and creatine (Table 
2). The creatinine coefficient '}° was 
structed by adding the creatinine nitrogen 
to the creatine nitrogen output per day 
and dividing the total, expressed in milli- 
grams, by the body weight of the sheep, 
expressed in kilograms (Table 3). 

The relationship of the creatinine co- 
efficient to age and body weight is shown 
(Table 4). 


The mean creatinine output varied from 


con- 
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See ae CREATININE COEFFICIENT OF NORMAL SHEEP 


TABLE 1—Creatinine and Creatine (Gm./Liter) in 26 Ossimi and 26 Rahmani Sheep 


Creatinine Creatine 


Breed Min Mean S.E. Max “Min Mean S.E. 


Ossimi 2! 0.20 0.76 + 0.0335 4.79 2.07 3.16 + 0.0829 
Rahmani § 0.31 0.81 + 0.0036 4.68 1.80 3.29 + 0.0724 


TABLE 2—Total Daily Output (in Grams) of to be associated with increased catabolism 
Creatinine and Creatine in 8 Ossimi and 8 Rahmani ers it 
Sheep of protein, the liberation of creatine being 
more rapid than its conversion to creatinine. 
: : For individual sheep, it appears that the 
Creati Crea- " 
Total nine tine Total creatine output rises and falls inversely 
3.60 11408. 3.51 with the creatinine output in a 24-hour 
niyo pend 3-46 period, with the result that the total daily 


3.60 0.78 2.7% 8.50 
+0.00 +0.04 - +0.00 excretion of creatinine and creatine in nor- 


Ossimi Rahmani 


TABLE 3—Creatinine Coefficient of Normal Sheep (26 Ossimi and 26 Rahmani) 


Ossimi breed Rahmani breed 


S.E Max Min Mean 


42.93 20.44 32.58 


0.81 to 0.76 Gm. per liter (Table 1). The 
daily creatinine output in normal sheep 
urine varied froin about 1.21 to 0.23 Gm., 
with an average of 0.73 Gm. per day. Cre- 
atinine excretion is practically independent 
of the dietary protein and is not influenced 
by ordinary exercise ‘ or the urine volume.® 
Creatiuine is determined chiefly by the size 
of the body and muscular development.* ® % 
Creatinine appears to be entirely a waste 
product not utilized by the body, and its 
conversion to creatine in the body does not 
occur. 

It appears that creatine is a normal con- 
stituent of sheep urine, with a mean value 
of 3.16 Gm. per liter of urine in the Ossimi 
breed and 3.29 Gm. in Rahmani sheep. The 
creatine content of normal sheep urine va- 
ries from 3.80 Gm. to 2.24 Gm., with an 
average of 3.02 Gm. per day. This is not 
unexpected, since creatine has been re- 
ported in the urine of fasting sheep and of 
the nonfasting cow.* Creatinuria appears 


Fig. 1—The collecting chamber, showing back-flow 
prevention valve (x). 


TABLE 4—Relationship of Creatinine Coefficient to 
Age and Body Weight of Sheep (18 Ossimi and 
18 Rahmani) 


Body weight Creatinine 
Breed (Yr.) (ke.) coefficient 
Ossimi 3 32.35 
Rahmani 
Ossimi : 5 53.9% 23.5 Fig. 2—The urine-collecting apparatus in position 
Rahmani 32. ‘ on a ram 


1013 
Max Min. Mean S.E 
36.81 22.51 31.02 + 0.7484 es + 0.9752 
= ~ 
. = (ff 
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mal sheep urine is fairly constant for an 
individual animal (Table 2). 

From the results, it seems that the mean 
creatinine coefficient (Table 3) is approxi- 
mately the same for both breeds: 31.02 for 
the Ossimi sheep and 32.58 for the Rahmani 
sheep. 

The creatinine coefficient decreases with 
increase in age and, consequently, with an 
increase in body weight (Table 4). Since 
the bulk (98%) of the creatine of the body 
is in the muscles, there is a rough correla- 
tion between the creatinine-creatine excre- 
tion and the amount of muscular tissue in 
the body. 
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Le Coefficiente de Creatinina in Oves Normal 


Specimens de normal urina ovin, representante le vacuation total de 
eolligite in Egypto durante le saisones ‘‘ verde’’ 
Tolueno esseva usate como agente de preservation. 


de varie etates e pesos corporee. 


24 horas, 
ab matur arietes Ossimi e Rahmani 


esseva 


e ‘‘sic’’ 


Le rendimento diurne de creatinina e creatina urinari in le duo mentionate racias esseva 


determinate secundo le methodo de Folin. 


Esseva trovate que le combinate excretion diurne 


de creatinina e creatina es satis constante in le ove individual. 


Le coefficiente de creatinina esseva 


establite per 


adder le nitrogeno de creatinina al 


nitrogeno de creatina e divider le total (exprimite in milligrammas) per le peso corporee 


del ove (exprimite in kilogrammas). Le cocefficiente 
Rahmani esseva determinate como 31,02 e 32,58, respectivemente. 


medie de creatinina in Ossimi e 


Le coefficiente de creatinina 


oves 


declinava con le avantiamento del etate e le augmento del peso. 


Factors Influencing the Incidence of Chronic 
Pneumonia in Lambs 


André Lagacé, D.V.M., Ph.D.; W. D. Pounden, D.V.M., Ph.D.; 


D. 8. Bell, M.8.; K. D. Weide, D.V.M., M.S. 


SUMMARY 


An attempt was made to study the in- 
fluence of housing, management, and 
breed on the incidence of pneumonia in 
lambs. In experiment 1, four lots of 
lambs were housed either in closed or 
open-door pens, with or without brooders, 
and a fifth lot was subjected to close 
housing alternated with chilling. 

Of the lambs in the chilled group, 27 % 
had extensive pneumonic lesions when 
slaughtered compared with between 37 
and 58% in the other four groups. How- 
ever, early mortality was 33% in the 
former as opposed to but 9% in the other 
four groups. There was half as much 
pneumonia in lambs that developed well 
enough to be slaughtered in August as 
compared with lambs of similar age 
slaughtered in October. 

In experiment 2, in lots 6 through 13, 
the association between breeds and infant 
mortality or pneumonia was not signifi- 
cant. Of the creep-fed lambs, 75% had 
pneumonic lesions while only 53% of the 
non-creep-fed lambs had similar lesions. 
There was a gradual ascending incidence 
of pneumonic lesions in lambs born from 
the first week of February to the first 
week of April. 


INTRODUCTION 


Previous work disclosed the presence of 
widespread subclinical chronic pneumonia 
in Ohio lambs. A similar condition has 
also been reported in California.4° Pas- 
teurella organisms, pleuropneumonia-like 
organisms, and a viral agent were found 
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to be associated with these pneumonic 
lesions.?:4 

While pneumonic lesions could not be 
produced experimentally in lambs with 
only one or two of these agents, the three 
agents used together produced lesions in 
50% of the lambs. When an artificial 
stressor was used in combination with two 
of the infectious agents, pneumoniec lesions 
were constant in all experimental animals.! 

Experiment 1 was designed to study va- 
riations in housing and management and 
their influence on the incidence of chronic 
pneumonia in lambs at time of slaughter. 
Experiment 2 was designed to determine 
the relationship of breeds and creep-feed- 
ing to the incidence of pneumonia. 


. Materials and Methods 


Experiment 1.—Lambs from the same flock were 
raised under five different environmental condi 
tions. Ewes and lambs (16 lambs) in lot 1 were 
confined to a pen without electric lamp brooders. 
Ewes and lambs (36 lambs) in lot 2 were allowed 
daily exercise with an ‘‘open-door’’ outside lot 
exposure. Lamp brooders were used. Ewes and 
lambs (13 lambs) in lot 3 were confined to the 
pen, and lamp were used. Ewes and 
lambs (47 lambs) in lot 4 had an ‘‘open-door’’ 
foreed to take 
field exercise. No lamp were used for 
this lot. and lambs (33 lambs) in lot 5 
were confined to the pen and subjected to alter 
nate heating and chilling with no brooders. This 
was accomplished by hanging canvas sidings from 


brooders 


outside lot exposure were daily 
brooders 


Ewes 


the ceiling on the two open sides of the pen to 
limit the space, reduce ventilation, and promote a 
high humidity-heating effect at night. Early each 
morning and during the rest of the day, the can- 
vas sidings were removed and all doors and win 
Automatic 
recorders were kept in 


dows were opened to encourage drafts. 
temperature and humidity 
these pens. 

These lambs were all born between February 1 
and Mareh 7, 


Experiment 2, 


except 1 or 2 lambs in each group. 
A group of 223 lambs and their 
dams, which included all the sheep in one of our 
barns, were used in these studies. The ewes had 
been allotted to four pens according to breed. 
Ewes in each pen were subsequently allotted at 
random to two lots containing an equal number of 


ewes: Lots 6 and 7 contained purebred Columbias; 


1015 | 


Lagack—PouUNDEN—BELL— WEIDE 


Am. J. Vet. Res. 
___NovEMBER, 1961 


Fig. 1—Extensive pneumonic lesions in a lamb 
(right apical lobe). 


lots 8 and 9, Hampshire-Columbias; lots 10 and 11, 
Southdown-Columbias; and lots 12 and 13, Merino 
crossbred. The ecreep-fed lambs (lots 7, 9, 11, 13) 
were given a mixture of whole corn and oats from 
March 15 until weaning time at 120 days of age. 

All lambs dying before slaughter were neeropsied, 
and pneumonie lesions were evaluated. Pneumonic 
lesions were likewise examined and evaluated in all 
lambs slaughtered at market age. Lesions were 
classified as extensive when at least one fourth of 
a lobe was affeeted (Fig. 1). Anything less than 
this was marked as slight. 


Results 

Experiment 1.—Extensive lesions of 
pneumonia in the lambs sent to slaughter 
varied from 27% in lot 5 to 58% in lot 2, 
while infant (lambs under 15 days of age) 
mortality varied from none in lot 3 to 33% 
in lot 5 (Table 1). With the exception of the 
13 lambs in lot 3, the lots with the highest 
infant mortality had the lowest incidence 


TABLE 2—Relationship of Breeds of Sheep to the 
Incidence of Pneumonia (Experiment 2) 


Deaths at less 
than 15 days 
of age ( %) 


No. of 
lambs 


Pneumonia 
Lots (%) 


6, 7—Purebred 
Columbia 5 32 


8, 9—Hampshire- 
Columbia re 50 


10, 11—Southdown- 

Columbia 5 48 
12, 13—Merino 

crossbred 2 18 


of pneumonia. Deaths in lambs over 15 
days of age were also fewer in groups with 
a high infant mortality. Twenty per cent 
of the deaths of lambs over 15 days of age 
were due to acute pneumonia. The inci- 
dence of deaths before 15 days of age was 
apparently not related to variations in am- 
bient temperature (Fig. 2). 

In lots 1 to 5, 57 lambs grew sufficiently 
to be slaughtered in August but the other 
47 were not killed until October. In lambs 
born the same week, two to five times as 
much pneumonia was found in those slaugh- 
tered in October (Fig. 3). 

Experiment 2.—Only 18% of the Merino- 
cross lambs had extensive lesions of pneu- 
monia. Thirty-two per cent of the pure- 


bred Columbias as well as 50% and 48%, 


respectively, of the Hampshire-Columbias 
and the Southdown-Columbias had exten- 
sive lesions of pneumonia. The breeds with 
the highest infant mortality had the least 
pneumonia (Tavie 2). However, the chi- 
square test of association between breeds 
and pneumonia or infant mortality was not 
statistically significant. The lots with the 
creep-fed lambs (lots 7, 9, 11, and 13) were 
compared with the lots containing lambs 
not creep-fed (lots 6, 8, 10, 12). While the 
incidence of extensive lesions of pneumonia 
was similar in both groups (46 and 42%, 
respectively), the total incidence of pneu- 
monia, including slight lesions, was 75% 
of the creep-fed lambs and only 53% of the 
lambs not creep-fed. 


TABLE i—Influence of Housing and Management on Incidence of Chronic Pneumonia and 
Infant Mortality in Lambs (Experiment 1) 


Treatment Lot 


Confinement and no brooders 1 
*Open-Door” and brooders 

Confinement and brooders 

“Open-Door”’ and exercise; no brooders 

Close housing; sudden chill; no brooders 


Extensive 
pneumonia 
at slaughter 

(%) 


Deaths 
15 days 
(%) 


No. of 
lambs 


16 50 
36 58 
13 39 
47 37 
33 27 


1016 
| 
Deaths 
(%) 
6 19 
; "0 
4. 
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Fig. 2—Mean weekly variations between low and high temperature in different pens of lambs 
(experiment 1). 


We analyzed statistically the relationship 
Muellerius capillaris lesions, creep-feed- 


ing, and date of birth with the incidence of 
pneumonia. Pneumonia was assigned the 
rating 1, if absent; 2, if slight; 3, if exten- 


Lambs with Pneumonia 


l L 


sive. The relationship of the other variables 
to the pneumonia rating was then investi- 
gated by the usual multiple regression tech- 
niques. Parasitic lung lesions turned out 
to be of no consequence and were omitted 


Fig. 3—Incidence of 
pneumonia lesions in 
lambs in relation to date 
of birth and month of 
slaughter (experiment 1). 
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Fig. 4—Incidence of pneumonic lesions in lambs in relation to date of birth (experiments 1, 2). 


from the final regression solution. The re- 
sulting equation was as follows: 
P = 0.3452 + 0.3018 C + 0.0344 D — 0.0002 D? 


The multiple correlation coefficient equalled 
0.2412, which is highly significant. The re- 
gression coefficient for C (creep-feeding) 
was also highly significant, while those for 
D (date of birth) and D? were significant 
at probability 0.10 and 0.20, respectively. 
The equation was solved at six points within 


P= ,3452 + .3018C + - 


RATING OF PNEUMONIA 


,0002D* 


the range of the variables and plotted 
(Fig. 5). 

The increase in pneumonia with time is, 
of course, not well established by these sta- 
tistics; however, the trend is certainly 
strong. 

Of the single lambs, 41% had pneumoniec 
lesions; exactly the same percentage of 
twin lambs had similar lesions. 

The date of birth was a factor in the 
incidence of extensive lesions of pneumonia 


45 


30 60 


75 


DATE OF BIRTH (DAYS AFTER JANUARY 1) 


Fig. 5—Relationship to pneumonia, of date of birth of lambs and creep feeding—multiple 
regression analysis (e: periment 2). 
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in the lambs used in these experiments. 
Only 27% of the lambs born in the first 
week of February had lesions of pneu- 
monia, and the percentage gradually in- 
creased to a peak of 62% in the week of 
March 29 to April 4 (Fig. 4). 


Discussion 


The pen of lambs subjected to heating 
and chilling had the least pneumonia but 
the most infant mortality. This relation 
was also true of the other experimental 
groups. Apparently, the type of pneumonia 
dealt with in these studies became estab- 
lished especially in lambs weak at birth. 
When the experimental treatments pro- 
duced death of the weaklings, they also 
reduced the incidence of pneumonia. Lambs 
of a given age which reached market con- 
dition earlier had less pneumonia. While 
infant mortality did not seem to be related 
to the variations in ambient temperature, 
it is possible that the cold drafts produced 
in lot 5 as well as the forced outside exer- 
cise in lot 4 were the primary reasons for 
the higher infant mortality in these two 
lots. Purebred Columbia and Merino cross- 
bred lambs had less pneumonia than Hamp- 
shire and Southdown crossbred lambs but 
they also had more infant mortality. The 
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higher incidence of pneumonia in creep-fed 
lambs is difficult to evaluate. The gradually 
ascending incidence of pneumonia in lambs 
born from the first week of February to the 
first week of April could possibly be re- 
lated to a natural build-up in the number 
of animals which would increase the danger 
of infection for lambs born late in the 
season. In past years, it was noticeable 
that there was also an ascending incidence 
of pneumonia in groups of lambs slaugh- 
tered in August, September, October, and 
November, regardless of their date of birth. 
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Factores Que Exerce un Influentia Super le 
Incidentia de Chronic Pneumonia in Agnos 


Esseva interprendite le tentativa de studiar le influentia que es exercite super le incidentia 


de pneumonia in agnos per le factores de stabulation, servicio general, e 


racia In experi 


mento 1, quatro gruppos de agnos esseva stabulate a portas clause o aperte, con o si/ lampas 


de incubation, e un quinte gruppo esseva subjicite a 


algoration. 


stabulation clause in altevaation con 


Inter le agnos del gruppo algorate, 27% habeva extense lesiones pneumonie al tempore del 


abattimento, in comparation con inter 37 e 58% in le altere quarto gruppos. 
a algoration e 
Le incidentia de pneumonia in agnos satis ben disveloppate pro esser abattite in 


mortalitate esseva 33% in le gruppo 


coce 


gruppos. 


Tamen, le pre 


solmente 9% in le altere quatro 


augusto esseva solmente un medietate de illo in agnos del mesme etate abattite in octobre. 
In experimento 2, le observation de octo gruppos de agnos (gruppos 6 a 13) revelava nulle 


significative association inter racia e 


cipiente mais e avena, 75% habeva lesiones pneumonic. 
Esseva constatate un augmento gradual del incidentia 


solmente 53% habeva simile lesiones. 


mortalitate o pneumonia infantil. 


Inter le 
Inter le agnos non assi alimentate, 


agnos re- 


de lesiones de pneumonia in parallela al datas de nascentia ab le prime septimana de februario 


usque al prime septimana de april. 


Microbiologic Survey of Pneumonic and Normal Swine Lungs 


Conrad L’Ecuyer, D.V.M.; W. P. Switzer, D.V.M., Ph.D.; E. D. Roberts, D.V.M. 


SUMMARY 


The results of the examination of 86 
pneumonic and 15 normal swine lungs for 
viruses, rickettsias, Mycoplasma hyorhinis, 
and bacteria are reported. One viral agent 
was recovered from the pneumonic lungs; 
none were reccvered from the normal 
specimens. The viral agent was cyto- 
pathogenic for swine kidney cell cultures 
but, experimentally, it produced no le- 
sions in swine. Mycoplasma hyorhinis 
was recovered from 51.1% of the 
pneumonic, and 6.6% of the normal 
lungs. Pasteurella multocida and Strep- 
tococcus sp. were the principal bacteria 
recovered from the pneumonic lungs, 
while only alpha-hemolytic streptococci 
appeared in significant numbers in the 
normal lungs. No rickettsias were re- 
covered. Swine influenza virus was not 
isolated. 


INTRODUCTION 


This study was undertaken to determine 
the current microbiologic status of swine 
pneumonia. To achieve this objective, 
grossly normal and grossly pneumonic 
swine lungs were examined for bacteria, 
pleuropneumonia-like organisms, rickett- 
sias, and viruses. 


Review of Literature 

Betts,” Hiiirre,” and Young“ have published 
general literature reviews on swine pneumonia. 
The bacterial aspects of the etiology of swine 
pneumonia have been reported in surveys of nor- 
mal and pneumonie lungs conducted by Spray,” 
Thorp et al.,” Moreos et al.,” Rislakki,” Palyusik,” 
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and Ryu.” The bacteria recovered by these work- 
ers are shown in Table 1. 

Many bacterial species have been incriminated 
as primary agents of swine pneumonia, but only 
a few have been confirmed as agents experimen- 
tally. Sippel et al.," and Ellis et al.,’ recovered 
Chromobacterium violaceum from outbreaks of 
acute, frequently fatal pneumonia. Sippel et al.” 
used pure cultures to reproduce the condition by 
oral infection. Thal and Rutqvist * produced exten 
sive pneumonic lesions in swine, with pure cultures 
of Corynebacterium equi recovered from natural 
eases. A Hemophilus-like organism was reported 
by Pattison et al.” to produce characteristic pneu 
monia and pleuritis when inoculated in combination 
with hog cholera virus. Later, Matthews and Pat 
tison ” identified a similar Hemophilus-like organ 
ism as a member of the Hemophilus parainfluenzae 
group and found that typical lesions could be pro- 
duced if a sufficient number of organisms 
inoculated, 


were 
Switzer“ cultured M. hyorhinis from 20 of 28 
pneumonie swine lungs and associated this organ- 
ism with the serositis lesions which frequently ac- 
company swine pneumonia. Carter and Schroder *‘ 
recovered Mycoplasma sp. from the lungs of 14 
swine, 6 of which had pneumonia and 8 of which 
had pneumonia complicated by serositis. Twenty- 
three normal packing plant swine lungs were free 
of these organisms. More recently, Carter 
Schroder® demonstrated that intranasal instilla 
tion of swine Mycoplasma sp. did not produce 
pneumonia, whereas pneumonic lung suspensions 
or filtrates free of bacteria or Mycoplasma sp. 
produced typical lesions when administered by the 
route. Forray™ recovered Mycoplasma sp. 
from 3 of 20 animals dead of bronchopneumonia. 
Switzer ™ failed in attempts to produce pneumonic 
lesions in swine with pure cultures of M. hyorhinis. 


and 


same 


Shope™ has reviewed the literature on swine 
influenza. Recently, Bakos* obtained a definite 
cytopathic effect (cree) with the Iowa 15 strain of 
swine influenza virus after four or five passages 
on primary swine kidney cell cultures, while a 
Wisconsin strain isolated by Kissling was only 
slightly cytopathic after 12 cell culture passages. 
Young and Underdahl® found serologic evidence 
of contact with swine or human influenza 
in only 15% of over 2,000 midwestern swine. 

In 1954, Sasahara et al.” ** reported an in- 
fluenza-like disease of swine in Japan which pro 
duced severe illness and some mortality among 
young swine, but which produced no clinical signs 
in older animals. These investigators recovered a 
hemagglutinating virus from chicken embryos by 
inoculating pneumonic material by way of the 


viruses 


Bae. MicroBioLogic SurRvEY oF Swine Lunes 

amniotic sac, and from mice inoculated by the 
intranasal route. This virus was recovered from 
the lungs of swine 17 days postinoculation (PI) 
and from the trachea 52 days PI. 

The initial studies on virus pneumonia of pigs 
(ver) have been reviewed by Betts* and Hjarre.” 
Since these reviews, a number of reports have been 
published concerning the recovery of viral agents 
from this disease. Palyusik™ recovered an agent 
from 11 of 82 pneumoniec lungs. This agent pro- 
duced pock lesions on the chorioallantoic membrane 
of chicken embryos. The inoculation of suspensions 
of infected chorioallantoic membranes into young 
pigs produced mild pneumonia. 

Wesslen and Lannek“™ recovered a cytopatho- 
genic agent, in primary swine lung eell cultures, 
from six of eight pneumonic swine lungs. The 
agent was susceptible to the tetracycline antibi- 
otics but it was not neutralized by serum from 
naturally or experimentally infected swine. Ex- 
perimental inoculation of swine with this agent 
produced only enlargement and edema of the pul- 
monary and mediastinal lymph glands. Histologic 
studies” of the cytopathic changes produced by 
this agent revealed minute intracellular and extra- 
cellular particles which did not resemble organisms 
of the psittacosis lymphogranuloma venereum 
group. Hjarre et al.“ obtained only transient cyto- 
pathic changes from three of the 16 pneumonic 
lung specimens they inocvlated into swine cell 
cultures. Lannek and Wesslen™ inoculated pneu- 
monic lung material into suspended cell eultures 
and found that eighth passage culture fluids pro- 
duced gross and histologic lesions of pneumonia 
in swine. They recovered the cytopathogenic agent 
of swine enzootic pneumonia (SEP) from the ex- 
perimentally produced pneumonic lesions. Intra- 
peritoneal inoculation of swine with this agent 
produced peritonitis, pleuritis, and pericarditis. 
Dinter et al.° found yolk-sac inoculation of 5- to 
7-day chicken embryos more effective than cell 
cultures in recovering the sEP agent. Fontaine et 
al.” repeated Dinter’s results and succeeded in re- 
producing the disease in pigs with third passage 
yolk-sac suspensions. Fontaine et reported 
that intraperitoneal inoculation of swine with 
pneumonie lung material irregularly produced an 
acute disease characterized by pericarditis, pleu- 
ritis, peritonitis, and arthritis. 


Ryu 


United States 
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Romvary and Csontos™ recovered a virus from 


swine with subacute pneumonia by inoculation of 
6- to 7-day chicken embryos. The agent was sus- 
ceptible to the broad-spectrum antibiotics, did not 
agglutinate erythrocytes, and produced mononu- 
clear infiltration in the lungs of experimentally 
infected pigs. In addition, they recovered an 
influenza-like virus from animals with acute pneu- 
monia. Kojnok et al.” recovered a pseudorabies 
virus from the lungs, brains, and blood of swine 
and produced pneumonia in swine by intratra- 
cheal inoculation with the virus. Bakos et al.? 
Englert,” and Terpstra et al.” have related inelu- 
sion body rhinitis, first deseribed by Done,’ to 
enzootic pneumonia of swine. 


Spray * 
United States 
= grossly 


N= 


* P = grossly pneumonic; 


untry 


Source of specimens 


Investigator 
Hemophilus 
Diphtheroids 
Diplocoeci 
Coliforms 
Pseudomonas 
Listeria 


Alealigenes 
Corynebacter 


Condition 
Pasteurella 
Streptococci 
Salmonella 
Staphyloc 


a 
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Two additional viral agents have been inerimi- 
nated as causes of pneumonia in swine. Verlinde 
and Versteeg “ recovered a type A5 Coxsackie virus 
from swine in a localized outbreak of pneumonia 
involving both children and swine. Convalescent 
serum from both the children and the swine neu- 
tralized the virus. Sibalin and Lannek™ recov- 
ered a cytopathogenic swine enteric virus in pig 
kidney cell cultures. Inoculation of this virus into 
colostrum-deprived pigs produced a nonpurulent 
pneumonitis and encephalomyelitis. 


Materials and Methods 


Swine lungs were collected from various pack- 
ing plants in Iowa, from the Iowa Veterinary 
Diagnostic Laboratory and, in a few cases, from 
experimentally infected animals. These specimens 
were usually refrigerated only a few hours prior 
to being cultured for bacteria and Mycoplasma sp. 
Portions were fixed in Bouin’s solution for histo- 
pathologic examination, and the remainder was 
frozen at —20C. The inoculum was prepared 
either by mincing with scissors or by grinding in 
a glass tissue grinder with Dulbecco’s* phosphate 
buffer at an approximate 1:10 dilution. The 
preparations were then centrifuged at 2,000 r.p.m. 
for 20 minutes, and the supernatant fluids were 
either filtered through cellulose membranes* of 
0.65 mw average pore diameter (APD), or treated 
with 1,000 units of penicillin and 1,000 ug. of 
streptomycin per milliliter for one hour prior to 
inoculation into cell cultures, chicken embryos, 
mice, or swine. 

Bacteriologic studies were carried out by streak- 
ing pieces of lung tissue or a loopful of expressed 
fluids over 5% horse-blood agar plates. The in- 
oculated plates were then streaked with a Micro- 
coccus sp., previously shown to enhance the growth 
of Hemophilus influenzae suis. The plates were 
incubated for 24 to 48 hours at 37C. Bacteria 
were identified by routine morphologic and bio- 
chemical methods. Mycoplasma hyorhinis was iso- 
lated in beef-heart infusion turkey-serum medium™ 
inoculated with tissue or expressed fluids from the 
lung specimens. Identification of these organisms 
was carried out according to the methods of 
Switzer.™ 

Primary swine-kidney, and primary swine-lung 
eell cultures were prepared according to the method 
of Switzer.” All specimens were passaged in a 
second series of cell cultures before being con 
sidered negative for the presence of ecytopatho- 
genic agents. 

Chicken embryos 8 to 10 days old were inocu- 
lated with lung suspension by either the allantoic 
or amniotic sac routes and, in all eases, by the 
yolk-sae route. All were passaged a 
second time before being considered negative. 


specimens 


Carworth Farm (cwr) mice, 3 to 4 weeks old, 
were inoculated with pneumonic lung suspensions 
by both the intranasal and intraperitoneal routes 
while under light ether anesthesia. The mice were 


* Millipore Filter Corporation, Bedford, Mass. 
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observed for ten to 14 days, after which they were 
killed with chloroform and necropsied. Lung and 
spleen tissues were collected from all groups of 
mice and suspended at a 1:10 dilution in Dul- 
beceo’s phosphate buffer solution. One additional 
passage was made in 4 more mice before the speci- 
men was considered negative. 

Swine used in the experiments were from a 
disease-controlled swine herd, maintained in quar- 
antine. This herd has been free of detectable 
respiratory disease since its establishment in 1955. 

In order to establish that the 
would detect swine influenza virus, 2 ml. of Shope’s 
Iowa 15 strain of swine influenza virus was in- 
stilled intranasally in 4 pigs 3 days old which were 
then kept in isolation. Two animals were killed 
five days Pr. These pigs had small areas of light, 
plum-colored consolidation involving the right an 
terior and eardiac lobes of the lung. The 2 re 
maining animals, killed 16 days PI, had normal 
lungs. The lungs of these 4 animals were nega 
tive for M. hyorhinis and bacteria. Portions were 
ground and filtered through a cellulose membrane 
of 0.65 uw App and inoculated into swine-kidney cell 
cultures, chicken embryos, and mice. Swine influ- 
enza virus was recovered from the lungs of the 2 
pigs killed five days pi. The virus was recovered 
in cell cultures, chicken embryos inoculated by the 
chorioallantoiec route, and in mice inoculated intra- 
nasally. The 2 pigs examined 17 days pi failed to 
yield swine influenza virus. 

Three 8-week-old pigs 
tracheally with 2 ml. of a 
membrane filtrate of pneumonic lung suspension 
from the fourth passage of vpp strain of VMRI 
No. 1. Three control pigs were inoculated with 
2 mil. of unfiltered pneumonic lung suspension. The 
animals were killed 21 days pI. Two of the 3 
virus-control pigs had small pneumoniec foci scat- 
tered throughout the anterior and cardiac lobes. 
One of the 3 filtrate-inoculated pigs had an early 
diffuse consolidation throughout the lungs. No 
gross lesions were found in 1 virus control and 2 
filtrate-inoculated pigs. Histopathologic examina 
tion revealed changes typical of vpP in the grossly 
pneumonic lungs. 


systems used 


inoculated intra- 
APD cellulose 


were 
0.65 


Results 

After establishing that the systems used 
were capable of detecting swine influenza 
virus in pneumonic swine lungs and that 
the cellulose membrane filters allowed pas- 
sage of the agent of ver, a survey of the 
viruses, bacteria, rickettsias, and Myco- 
plasma sp. present in 86 pneumonie and 15 
grossly normal swine lungs, was under- 
taken. 


Only one viral agent (L5) was recovered 


from the 86 pneumonic specimens. No 
virus was recovered from the 15 grossly 
normal lungs. Virus L5 was recovered in 
swine-kidney cell cultures where it pro- 
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duced a severe CPE on initial passage. The 
CPE produced by this agent was identical to 
the type 3 described by Switzer et al.** 
This agent was not pathogenic for chicken 
embryos or mice. The intratracheal inocu- 
ulation of fluids from the second swine- 
kidney cell-cult:re passage of agent Ld 
failed to produce either symptoms or le- 
sions in 4 pigs. Nasal and rectal swabs 
collected at necropsy four weeks pi failed 
to yield the virus when inoculated into 
swine-kidney cell cultures. 

Mycoplasma hyorhinis was_ recovered 
from 44 of the 86 pneumonic lungs, but 
from only one of the 15 grossly normal 
lungs. Pure cultures of M. hyorhinis and 
Past. multocida were recoverod in com- 
bination from 21 specimens. In 8 of these 
21 lungs, other organisms were present. 
Streptococcus sp. were recovered in com- 
bination with M. hyorhinis in 11 speci- 
mens. Although most of the M. hyorhinis 
isolates were recovered in beef-heart infu- 
sion turkey-serum medium, several isolates 
were recovered only in cell cultures or 
chicken embryos inoculated by the yolk-sac 
route. These isolates could subsequently 
be grown in beef-heart infusion turkey- 
serum medium. They produced a CPE in 
swine-kidney cell cultures which was sim- 
ilar to the type 1 of Switzer et al.37 Fre- 
quently, the CPE was not observed until one 
additional passage had been made and, in 
one case, no effect was seen until the fourth 
consecutive 7-day passage in swine-kidney 
cell cultures. The mortality pattern and 
lesions produced in chicken embryos re- 
sembled those described by Switzer.*4 

Pasteurella multocida was recovered from 
35 of 86 pneumonic lungs. No isolates were 
recovered from the normal lungs. Seven 
of the Past. multocida isolates were in pure 
culture, while 21 were recovered in con- 
junction with M. hyorhinis, and nine in 
conjunction with Streptococcus sp. 

The streptococci recovered were grouped 
according to the type of hemolysis pro- 
duced on horse-blood agar. Fifteen beta- 
hemolytic streptococci were recovered from 
the pneumonic lungs and none were re- 
covered from the normal lungs. None of 
the beta-hemolytie streptococci were re- 
covered in pure culture. Mixed infections 
occurred with M. hyorhinis in 7 animals, 
and with staphylococci in 9. Fifteen alpha- 
hemolytic streptococci were recovered from 
the 86 pneumonic lungs. These streptococci 
appeared to be similar in morphology, 
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growth characteristics, and type of hemol- 
ysis, but biochemical studies revealed the 
group to be markedly heterogeneous. Five 
strains of the alpha-hemolytic streptococci 
were recovered from the normal lung spec- 
imens and proved equally difficult to clas- 
sify. Six of the 15 isolates from the pneu- 
monic lungs were recovered in conjunction 
with M. hyorhinis, four in conjunction 
with Past. multocida, and seven in con- 
junction with staphylococci. Five non- 
hemolytic streptococci were recovered from 
the pneumonic lungs. Two of these were 
recovered in pure culture while the three 
other isolates were recovered in conjunc- 
tion with a number of other organisms. 

Corynebacterium pyogenes was recovered 
from three pneumonic specimens but none 
was in pure culture. In one specimen from 
which Past. multocida and C. pyogenes 
were recovered, the lung, in addition to 
showing extensive areas of plum-colored 
consolidation, was covered with hobnail 
abscesses varying from 1 to 3 em. in 
diameter. 

Organisms closely resembling Coryne- 
bacterium renale were recovered from three 
pneumonic specimens. None of these were 
present in the lung in pure culture. 

Other organisms recovered were Coryne- 
bacterium sp., H. influenzae suis, Borde- 
tella bronchiseptica, Salmonella typhimu- 
rium, Escherichia coli, Proteus sp., Listeria 
monocytogenes, and Staphylococcus sp. 
None of these organisms were recovered in 
pure culture, and in most cases they ap- 
peared as only a few colonies on the orig- 
inal cultures. The organisms recovered 
are listed in Table 2. 


TABLE 2—Organisms Recovered from 86 Pneu- 
monic and 15 Grossly Normal Swine Lungs 


86 Pneumonic 
lungs 


15 Grossly 
normal lungs 


Organisms recovered 


Negative for organisms 11.6 
Rickettsia 

Virus 

Mycoplasma hyorhinis 
Pasteurella multocida 
Streptococcus spp 
Corynebacterium pyogenes 
Corynebacterium renale 
Corynebacterium-like 
Hemophilus influenzae suis 
Bordetella bronchiseptica 
Salmonella typhimurium 


Escherichia coli 
Proteus sp. 

Listeria monocytogenes 
Staphylococcus spp 


No No % 

7 46.6 
0 
0 
1 6.6 
0 
5 83.3 
) 0 
3 20.0 
2 13.3 
0 0 
20.0 
4 2 13.3 
1 0 0 
20 2 8 53.3 
. 
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Discussion 

Viruses capable of producing pneumonia 
in swine were not recovered from the lung 
specimens, by means of the detection sys- 
tems used. In all probability, a high per- 
centage of the pneumonic specimens har- 
bored the agent of ver, but no attempt 
was made to ascertain its presence by in- 
oculation of susceptible swine. Recovery 
of swine influenza virus was not made from 
any specimen, even though some of the 
specimens were collected during the season 
when the disease is said to be prevalent. 
However, since swine influenza virus is 
present in the pneumonie lesions for only 
the first few days, some of the lesions ex- 
amined could have been initiated by this 
agent. Nonetheless, it seems unlikely that 
all of the collections would have been made 
at this stage. In only one case was a 
detectable virus (L5) recovered in swine 
cell cultures. No detectable viral or rickett- 
sial agents were recovered in chicken em- 
bryos or mice. The viral agent (L5) may 
have been a contaminant from either the 
nasal or the oral cavity. This virus was 
not pathogenic for swine. These findings 
agree with the conclusion of Hjarre et 
al.14 that viral cytopathogenic agents are 
not easily recovered from animals infected 
with swine pneumonia. 

The high incidence of M. hyorhinis in- 
dicates that the effects of this agent as a 
secondary invader in swine pneumonia 
should be determined. This organism reg- 
ularly passed filters of minimum pore size 
for the passage of the agent of vpp, and 
it is not affected by high levels of penicillin 
and streptomycin. While this organism 
is not of primary etiologic importance, it 
poses a serious problem in studies on swine 
pneumonia since at the present time it is 
impossible to rid experimental inoculums 
of this organism without also eliminating 
the virus. The cytopathic changes pro- 
duced by M. hyorhinis closely resemble 
those changes described by Lannek and 
Wesslen.’7 These authors considered the 
possibility that the ecytopathogenie 
agent they recovered might be a Myco- 
plasma. 

The bacteriologie findings in this study 
parallel and supplement the results ob- 
tained in similar surveys by other authors 
(Table 1). Only 12% of the pneumonic 
but 47% of the normal specimens were bac- 
teriologically negative. Pasteurella mul- 
tocida and Streptococcus sp. were the pre- 
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dominant bacteria recovered the 
pneumonie lungs, while Past. multocida 
was not cultured from the grossly normal 
lungs. The only organisms recovered in 
apparently significant numbers from the 
normal lungs were alpha-hemolytic 


streptococel. 
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SUMMARIO IN INTERLINGUA 


Un Studio Microbiologic de Pneumonic e Normal Pulmones Porcin 


Es presentate le resultatos del examine de 86 pneumonic e 15 normal pulmones porein pro 
virus, bacterios, rickettsias, e Mycoplasma sp. Nulle agente virusal esseva trovate in le pul 
mones normal e solmente un in le pulmones pneumonic. Illo esseva cytopathogenie in culturas 
de cellulas de ren porcin, sed in experimentos con poreos illo produceva nulle lesiones. Myco 
plasma hyorhinis esseva trovate in 51,1% del pulmones pneumonic e in 6,6% del pulmones 
normal. Pasteurella multocida e Streptococcus sp. esseva le major bacterios trovate in le pul 
mones pneumonic, durante que solmente streptococcos hemolytic alpha appareva in numeros 
significative in le pulmones normal. Nulle rickettsias esseva trovate. Nulle virus de influenza 


porein esseva isolate. 


Serum Transaminase and Aldolase During 
Migration of Larval Ascaris suum in Swine 


M. F. Andrews, B.S., D.V.M.; P. K. MclIlwain, B.S. 


SUMMARY 


Serum glutamic-oxaloacetic transami- 
nase (SGO-T), serum glutamic-pyruvic 
transaminase (SGP-T), and serum aldolase 
levels in swine infected experimentally 
with Ascaris suum were studied. The 
SGP-T level rose distinctly on the first 
day of infection and reached a peak con- 
centration at about three days. The con- 
centration was elevated for about two 
weeks. 

The glutamic-oxaloacetic transaminase 
and the aldolase levels also had an early 
increase, but had a second peak of con- 
centration near or during the second week 
after infection. 


INTRODUCTION 


During an investigation of Ascaris suum 
infections in swine, an attempt was made 
to determine whether larval migrations 
were taking place in the host tissues. The 
effect of migrating ascarid larvae on trans- 
aminase and aldolase levels in the serum of 
swine was studied. 


Review of Literature 


Clinical interest in the transaminases has been 
centered mainly on the serum glutamic-oxaloacetic 
transaminase (sGo-T) and the serum glutamic-py- 
ruvie transaminase (se@Pp-T). Accurate colorimetric 
methods for the determination of these enzymes 
have been devised.” In man, these transaminases 
have proved valuable in diagnosing and studying 
heart 
there is 


liver diseases. In disease, the 


when 


eardiae and 


sao-T level is elevated necrosis of 


the myocardium, but the s@p-T level is elevated 
only slightly, if at all. When there is destruction 
of the hepatic liver both the 
s@o-T and the s@p-T levels are markedly elevated. 
Sehloss ° 


conditions 


tissue in disease, 


dis- 
that 


In a review of the transaminases, 


eusses these and other abnormal 


elevate the serum transaminase level. 


1960. 

From the Agricultural Experiment Station and Depart 
ment of Veterinary Science, North Dakota Agricultural 
College, Fargo. 
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Cornelius et al.’ attempted to determine normal 
levels of sGo-T and sGP-T in the serums of healthy 
horses, cattle, swine, dogs, and They 
studied the levels of the Go-T and Gp-T in 
selected tissues from the same animals, and the 
SGo-T and sGp-T levels in the 4 mammals after 
administration of tetrachloride. In only 
the dog there a marked 
activity when the liver was damaged with carbon 
tetrachloride. Other workers have also studied the 
levels of the transaminases in the serum, plasma, 
and pigs in 
conditions. 

The content of 
used to study diseases in which cellular necrosis 
Harris* published a table summarizing 
work that has been with this 
enzyme. She also compared five methods of de 
termining aldolase content of the serum and dis 
cussed the method that yielded the best results. 


chickens. 
also 


earbon 


was increase in SGP-1 


tissues of diseased * and normal ‘ 


aldolase serum has also been 
occurs. 


some of the done 


Materials and Methods 


Reagents sold as a kit* were used in the trans 
aminase determinations. These reagents are based 
on the methods of Cabaud et al.’ and Wroblewski 
and Cabaud.’ 
aspartic and alpha-ketoglutarie acids buffered to 
pH 7.5 as a substrate and utilizes dinitropheny] 
hydrazine as a The test for 
SGP-T is similar, but utilizes a substrate of alanine 
and alpha-ketoglutaric acid buffered to pH 7.5. 

In these determinations, the enzymes are ¢al 
culated in units per milliliter of serum. The test 
for sco-T depends on the formation of oxaloacetic 
acid fron. aspartic acid. The 
breaks down to form pyruvie acid and the pyruvie 
acid unites with the dinitrophenylhydrazine to form 
a chromogenic material. The s@p-T converts ala 
nine to pyruvic Under the 
the test, 1 unit of s@o-T or 
formation of chromogenic material equivalent to 
1 wg. of pyruvate. 

Serum aldolase was determined by the method 
of Harris.* The serum sample is incubated with 
fructose-1,6-diphosphate and hydrazine to 
triose phosphates. The color reagent is 2,4-dinitro 
phenylhydrazine, which forms a derivative 
of the triose phosphates that can be read at 540 
mz on a spectrophotometer. 
ured in units that equal the amount of enzyme that 
will split 1.518 ug. of fructose-1,6-diphosphate per 
milliliter of serum per hour at 38C. 


The test for sGo-T uses a solution of 


color developer. 


oxaloacetie acid 


acid. conditions of 


SGP-T represents the 


form 
eolor 


The aldolase is meas 


* Dade Reagents, Inc., Miami, Fla. 
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Asearid ova were harvested from mature ascari- 
des collected from swine at a local slaughterhouse. 
The ova were embryonated by bubbling air through 
a solution of 2% potassium dichromate into which 
the ova had been placed. When embryonation was 
sufficient, as demonstrated by 
diluted 


microscopic exami- 
nation, the ova with water and 
counted. 

The experiment 
each utilizing 10 swine of both sexes. Each swine 
weighed 35 to 45 lb. at the start of tae trials. In 
both trials, the animals were placed at random into 
two lots of 5 swine each. 


were 


was conducted in two trials, 


Those in one lot served 
The swine in the other 
approximately 500 


as noninfected controls. 
given 
nated ova of A. 


embryo 
Blood 
samples were taken at regular intervals from the 


lot were each 


suum in gelatin capsules. 
was collected and 


anterior vena cava, The serum 


the transaminase and aldolase contents were 


determined. 


Results 


The results of the trials are iilustrated 
graphically in Figures 1, 2, and 3. 

The sep-t levels are shown in Figure 1. 
This enzyme reached a peak concentration 
in the serum of infected swine 30 to 60 


~ 
3 


Serum Aldolese units mi 
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hours after the ova were administered. This 
early peak was the only definite peak dem- 
onstrated with s@p-r. 

The sao-t levels are shown in Figure 
A peak in concentration in the infected 
swine occurred within 30 to 90 hours, but 
it was followed by a second peak 210 to 250 
hours after the ova were administered. 

The serum aldolase levels are shown in 
Figure 3. The increase in the aldolase level 
during migration of the larvae also is evi- 
dent, and a double peak in the enzyme con- 
centration is shown. The second peak ap- 
peared earlier than the 
concentration. 


second peak of sGo-T 


Discussion 


A definite in SGP-T, SGO-T, and 
aldolase levels during the migration of A. 
suum was demonstrated. Cornelius ? found 
that the sep-T activity was not significantly 
increased in swine after carbon tetrachlo 
ride poisoning and found a low level of 
Gp-T in the liver tissue. Orstadius* found 
that there was a definite increase in sGp-T 


increase 
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Fig. 1—Serum glutamic-pyruvic transaminase levels in swine during acute Ascaris suum 
infection. 
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—Serum glutamic-oxaloacetic transaminase levels in swine during acute Ascaris suum 
infection. 
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Fig. 3—Serum aldolase levels in swine during acute Ascaris suum infection. 
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following liver dystrophy in swine, and 
Wretlind ® found that the livers of swine 
contained a moderate amount of ap-tT. The 
results of these studies indicate a definite 
rise in s@p-T during the migration of the 
asearid larvae within the liver. 

The second rise in the sco-r and serum 
aldolase seems to occur during the estab- 
lishment of larval infection in the lungs, 
although the second rise in aldolase occurs 
earlier than that in sGo-T. 

These enzymes may possibly be used to 
demonstrate the migration of A. swum in 
swine, 
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Transaminase e Aldolase del Sero in Porcos Durante le 


Migration de Larvas de Ascaris suum 


Esseva studiate le nivellos seral de transaminase glutamic-oxaloacetic (T-GOS), 


aminase glutamic-pyruvie (T-GPS), 


de trans 


e de aldolase in porcos experimentalmente inficite con 


Ascaris suum. Le nivello de T-GPS montava nettemente a partir del prime die post le infection 


e attingeva su maximo post cirea tres dies. 
durante circa duo septimanas. 


Le concentration de T-GPS 


remaneva elevate 


Le nivellos de T-GOS e de aldolase etiam monstrava un prompte augmento, sed illos habeva 
un secunde culmine de concentration cireum o durante le secunde septimana post le infection. 


Studies on Meningiomas in Cats 


Hansruedi Luginbuhl, Dr. med. vet. 


SUMMARY 


One or more meningiomas were found 
in eight of 155 cat brains carefully exam- 
ined at necropsy. In 7 cats, 8 to 17 years 
old, the tumors were in the tela choroidea 
of the third ventricle and were histologi- 
cally diverse in character. Endothelioma- 
tous, psammomatous, fibroblastic, and 
mixed endotheliomatous-fibroblastic vari- 
ants were diagnosed. 

In two of the brains, there were 
meningeal proliferations on the corpus 
callosum in addition to the meningiomas 
which extended into the third ventricle; 
. two other cases there were numerous 
small nodules on the convexity of the 
cerebral hemispheres. 

Attention is drawn to the value of 
systematic examination of the brains of 
all animals examined postmortem. 


INTRODUCTION 


Detailed examination of the brains of 
animals at necropsy, even in the absence 
of clinically detectable nervous signs, is of 
considerable value from the standpoint of 
comparative neuropathology. Only after 
thorough examination and testing of a 
large amount of material can one delineate 
the incidence and behavior of brain tumors 
in domestic animals. Although the oceur- 
rence of tumors in the brains of dogs and 
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some other species is recorded in the liter- 
ature,!® the disproportionate frequency of 
feline meningioma has not been clearly 
recognized. 


Materials and Methods 
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proliferative end result of the arachnoid cell 
clusters that can be found in the arachnoid mem- 
brane of cats of advanced age. 

Another meningioma in the cat was described 
by Cooper and Howarth.’ In the course of some 
work on absorption of cerebrospinal fluid, they 
sectioned 60 eat brains serially and examined 
them histologically. They found pathologie alter- 
ations in the brains of 4 of these cats, none of 
which had had any elinieal signs during the short 
observation periods of 12 to 36 hours. In addi- 
tion to an astrocytoma, an oligodendroglioma and 
a granuloma, they found a ‘‘leptomeningioma’’ 
0.2 mm, in diameter. The authors postulated that 
it was derived from a nest of arachnoideal cells, 
since it was similar in structure to a granulum 
meningicum, 

Dahme* included one case in a cat in his pub 
lication on meningiomas in carnivores. He found 
a firm, pea-sized nodule on the cerebral dura mater 
in the right parietal region in a 10-year-old male 
eat. This tumor had caused atrophy of the under- 
lying cerebral cortex. According to the classifica- 
tion of Henschen,® this would be a fibroblastic 
meningioma, giving the impression of a psam- 
moma because of degenerative alterations, espe- 
cially calcification. Monteagudo and Purpura ® in- 
cidentally found a small meningioma compressing 
the cortex on both sides of the left posterior ecto- 
sylvian suleus in a male cat of unknown age. 

With so few recorded cases, it is pointless to 
attempt any discussion or conjectures regarding 
the incidence, significance, and types of menin 
giomas which oceur in cats. 


Reports of Cases 

Nothing will be said here of the clinical 
illness which led to the death or euthanasia 
of the animals, since in no case was there 
any correlation with the meningiomas. As 
an aid to understanding the topography of 
the tumors, seemingly located in the third 
ventricle, their location is depicted dia- 
grammatically in Figures 1 and 2. 

Case 1—A grayish-white, solid nodule 
was seen in the region of the superior col- 
liculi of a 10-year-old spayed female Mal- 
tese (A 57-581). It extended under the 
corpus callosum and between the left and 
right Ammon’s horns along the roof of 
the third ventricle, into which it projected 
(Fig. 3). The rostral end of the tumor 
was at the level * : © the dorsal end of Am- 
mon’s horn. The eonically shaped growth 
almost entirely filled the third ventricle, 
which was only slightly dilated. The di- 
mensions in the fixed preparation were 
6 by 3 by 3 mm. in the craniocaudal, 


* Throughout this report, “at the level” refers to sec 
tions in the frontal plane. 
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Fig. 1—Diagram of the topography of a menin- 
gioma projecting into the third ventricle of a cat 
(sagittal section). 


lateral; and dorsoventral planes, respec- 
tively. 

The nodule was connected to the menin- 
ges by means of delicate strands of tissue 
extending from its dorsal third on both 
sides. There was a suggestion of a thin 
capsule around the tumor. 

Histologically, the tumor had a clear pat- 
tern of lightly stained onionskin whorls, 
striae, and groups of meningothelial cells 
arranged in hook shapes as well as irregu- 
lar strands of dark interstitial tissue ar- 
ranged in rings and bands. The more 
lightly appearing cell whorls occurred pri- 
marily near the periphery. The tumor 
was strikingly avascular. Spear- and club- 
shaped calcium deposits were Seattered in 


Fig 2—Diagram of the lateral and third ventricles, 
with the foramen of Monro and the plexus show- 
ing the extent of the meningioma: (1) tumor, (2) 
meninx, (3) vena magna cerebri, (4a) choroid 
plexus of third ventricle, (4b) choroid plexus of 
lateral ventricle, (5) third ventricle, (6) lateral 
ventricle, (7) foramen of Monro, (8) aqueduct of 
Sylvius, (9) corpus callosum, (10) fornix, (11) 
Pineal body, (12) colliculi, (13) massa intermedia, 
(14) anterior medullary velum. 


| 
_ 
‘ » 


Fig. 3—Frontal section through meningioma located between the right and left Ammon’s 
horns at the level of the anterior collicus. van Gieson stain; orig. mag. x 30. 


Fig. 4—Whorl of cells at the periphery of a meningioma. ‘‘Onionskin’’ arrangement of 
meningothelial cells with chromatin-poor vesicular nuclei. There is a single needle-like calcium 
deposit in the surrounding stroma. H & E stain; erig. mag. x 320. 


Fig. 5—Whorl with large vacuolated fat cells. van Gieson stain; orig. mag. x 450. 


Fig. 6—Meningioma below the corpus callosum and connected with the meninx. The vena 
magna cerebri and choroid plexus are visible below the tumor. There are psammoma bodies on 
both sides of the plexus. H & E stain; orig. mag. x 35. 
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the interstitial tissue. The whorled struc- 
tures contained 15 to 150 cells in cross 
section (Fig. 4). The cell borders were 
so indistinct that the cytoplasm of the cells 
appeared syncytially united. The scanty 
nuclear chromatin was often concentrated 
in a zone under the clearly visible nuclear 
membrane. Fine granules were present in 
many areas of the cytoplasm. The whorls 
were surrounded by several layers of col- 
lagen fibers, the nuclei of which appeared 
condensed and black; #.e., pyknotic. The 
tumors generally contained a few capil- 
laries, but no vessels were visible in the 
center of the whorls. Scattered through 
the whorls were concentric arrangements 
of cells resembling stromal cells. Some 
whorls contained shrunken and disinte- 
grating cells with acidophilic eytoplasm 
and pyknotie nuclei. Hyaline degeneration 
in the center of the whorls was not note- 
worthy. Many whorls contained coarsely 
vacuolated fat cells or islets of fat cells 
(Fig. 5). 

Apart from their whorled arrangement, 
the typical cells also occurred in smaller 
irregular aggregations and in_ strands. 
These were penetrated by stromal cells 
with pyknotie nuclei (Fig. 12). 

Another nodule, about 1.5 mm. in di- 
ameter and barely visible macroscopically, 
was present in the median fissure at the 
level of the infundibulum. Its microscopic 
structure was similar to the tumor just 
described. Also noteworthy were some 
islets with coarsely vacuolated fat cells, in 
the neighborhood of which there were cell 
groups with small, chromatin-rich round 
to oval nuclei. 

Both tumors were classified as endothe- 
liomatous meningiomas with fibroblastic 
components. 

Case 2.—A pear-shaped growth was 
grossly visible in the region of the epi- 
physis in a 16-year-old male cat (A 57- 
589). It tapered off cranially and extended 
along the colliculi and tela chorioidea to 
the roof of the third ventricle, which it 
invaginated ending at the level of the dorsal 
end of the hippocampus. The volume of 
the fixed tumor was approximately the 
same as that in cat A 57-581. 

The tumor was connected to the menin- 
geal tissue under the corpus callosum at 
the level of the infundibulum. In the 
ventral portion of the tumor, meningeal 
strands ran along the vena magna cerebri 
and the choroid plexus of the third ven- 
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tricle. The chief portion of the growth 
lay dorsal to the vena magna cerebri in 
this region (Fig. 6). On the right and left 
below this vein were sausage-shaped struc- 
tures which consisted of arterioles with 
collagen-rich walls. Psammoma bodies were 
also present here and were invested by a 
stroma meager in collagen fibers (Fig. 4). 
The stroma of the choroid plexus contained 
increased amounts of fibrous connective 
tissue. 

The tumor was poor in collagen, except 
at the periphery, where somewhat thicker 
cell layers were suggestive of a capsule. 
The tumor consisted of small whorls of 
concentric cell layers and groups of cells 
with ovoid vesicular nuclei, peripheral con- 
centration of chromatin, and poorly visible 
cytoplasm (Fig. 7). A few nuclei were pyk- 
notice and karyorrhectic. Concentrically 
layered calcification was present in the cen- 
ter of some of the whorls. Not infrequently, 
some club- and spear-shaped calcium de- 
posits were seen in the rather sparsely oc- 
curring stroma. 

In the region of the anterior colliculus, 
the tumor was approximately eight times 
larger in cross section than at the level of 
the infundibulum, and lay immediately be- 
low the corpus callosum, surrounded on 
both sides by the hippocampus. The tumor 
was separated from the corpus callosum 
and hippocampus by a distinct layer of 
meninx. A large venous vessel, evidently 
the vena magna cerebri, extended through 
the dorsal part of the tumor (Fig. 8). The 
histologic structure of this caudal part was 
different from that of the other parts just 
described and was, in fact, different from 
all of the meningiomas encountered. Most 
conspicuous was a large number of round 
and elongated psammoma bodies of greatly 
diverse size, chiefly concentrically ar- 
ranged. These bodies were interspersed 
with large and small, round and irregu- 
larly shaped granules and were surrounded 
by a ring of small spindle-shaped cells. 
These cells possessed chromatin-rich, as 
well as vesicular, nuclei and made up a 
cell structure which was rich in capillaries 
and contained large vacuoles. The tumor 
in its cranial position was clearly an endo- 
theliomatous meningioma, but its caudal 
portion could not be fitted into any known 
classification (Fig. 9). The more compact 
endotheliomatous portion extended ven- 
trally into a wedge shape. Periadventitial 
calcium deposits were visible in many ves- 


Fig. 7—Small nodules and groups of concentrically laminated cells. The chromatin of the 
vesicular nuclei is concentrated on the periphery. H & E stain; orig. mag. x 350. 


Fig. 8—Unclassified portion of tumor situated over the anterior colliculi, under the corpus 

callosum and between the left and right hippocampus. The venous vessels run lengthwise 

through the dorsal part of the tumor. The darker area in the ventral portion of the tumor is 
the caudal end of the endotheliomatous meningioma. H. & E stain; orig. mag. x 24. 


Fig. 9—Unclassified meningioma with numerous calcium granules surrounded by a net of 
cells (left) and sharply circumscribed endotheliomatous portion of meningioma (right). H & E 
stain; orig. mag. x 170. 


Fig. 10—Meningioma nodules dorsal and ventral to a vein in the caudal part of the tumor. 
A portion of the corpus callosum is visible above the tumor, and areas of hippocampus to the 
right and left of it. van Gieson stain; orig. mag. x 30. 
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sels, mostly arterioles. More rarely, min- 
eral deposits involved the whole of the 
vessel wall. No morphologic change was 
seen in the epiphysis, even though it was 
thoroughly examined by means of serial 
sections. 

Case 3—A spindle-shaped tumor was 
found extending from the colliculi to the 
rostral end of the third ventricle in an 
ll-year-old spayed female (A 58-38). It 
was 12 mm. long, and its greatest width, 
6 mm., occurred at the level of the infun- 
dibulum. This was the largest meningioma 
of this series. A sausage-shaped structure 
extended from the caudal end of the tumor 
along the dorsal and ventral aspects of the 
venous vessel, which in this area was in- 
vested by much collagenous connective tis- 
sue (Fig. 10). At the level of the entrance 
to the aqueduct, a large nodule on one side 
and several small nodules on the other 
were united in the center by a fibrotic 
choroid plexus. 

The large tumor nodule consisted of 
strands and bundles of cells running in 
various directions. These contained mod- 
erately numereus collagen fibers and many 
long calcium spears which were oriented 
in the direction of the tissue strands. The 
calcium deposits were often found pointing 
in various directions and formed 
faceted structures. Only a few typical 
whorls, with psammona granules, 
were present, and these were at the periph- 
ery of the nodule. The nuclei were oval to 
spindle-shaped and contained somewhat 
more finely granular chromatin than the 
vesicular nuclei of the endotheliomatous 
meningiomas. The nodule, classified as a 
fibroblastic meningioma with extensive eal- 
cification (Fig. 16), was relatively avascu- 
lar, and many of the precapillaries and 
capillaries that it did contain had calcified 
walls. 


many- 


some 


Among the smaller nodules on the other 
side of the choroid plexus, the dorsal one 
was typical of an endotheliomatous. menin- 
gioma, consisting almost entirely of cell 
whorls. The centers of many of these 
whorls contained necrotic groups of cells 
and caleium granules (Fig. 14). The ven- 
tral nodule was of an intermediate char- 
acter, inasmuch as cell groups with a clear 
tendeney to whorl formation were inter- 
spersed with disorganized ones. All three 
nodules had well-marked zones, especially 
at their peripheries, of predominantly 


spindle-shaped cells whose cytoplasm was 
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filled with granules of brown pigment 
(Fig. 17). These pigment-laden cells were 
similar to others found in sections of vis- 
ceral organs and will be the subject of a 
separate report. 

In the cranial part of the third ventricle, 
the choroid plexus was more villous and 
had no discernible fibrosis. Finger-shaped 
meningiomatous processes accompanied the 
choroid plexus laterally on both sides, ex- 
tending almost to the region of the foramen 
of Monro (Fig. 2, 11). 

In addition to this meningioma in the 
third ventricle, various other meningiom- 
atous nodules were found on the corpus 
callosum and along the median fissure, 
some grossly and others only microseopi- 
cally visible (Fig. 13). These consisted of 
typical cell whorls with chromatin-poor 
vesicular nuclei and degenerated centers. 
About half of the whorls contained psam- 
moma bodies. The leptomeninx over the 
cerebral hemispheres was loosened. Heaps 
of arachnoid cells were found, more in the 
sulci than on the gyri. Some of these were 
compact cell clusters, but some of the heaps 
had distinct whorl structure with psam- 
moma granules, and can probably be con- 
sidered early stages of meningiomas, aris- 
ing from the arachnoid cells (Fig. 18). As 
the description indicates, several small 
meningiomas, histologically of diverse 
types, were concurrently present. 

Case 4.—Numerous small nodules on 
both the choroid plexus, along 
the venous vessel at the level of the chi- 
asma, were rich in stroma, poor in vessels, 
and had only a slight tendency to whorl 
formation. These growths were classified 
as fibroblastic meningiomas. 

Numerous microscopic nodules were dis- 
tributed in the arachnoid space over the 
convexity of the cerebral hemispheres. 
These had a tendency to whorl formation 
and contained varying amounts of stroma. 
An occasional whorl contained psammoma 
bodies. 


sides of 


A grossly visible fibroblastic meningioma 
was present in the leptomeninx of the tela 
choroidea of the fourth ventricle. This 
was the only cat in which a tumor of this 
size occurred in this location. In the medial 
part of the tumor, the cells tended to form 
onion skin layers, whereas in the lateral 
part they occurred in bundles and strands 
(Fig. 19). Intensive calcification occurred 
here. The nuclei were ovoid, vesicular, and 
poor in chromatin. A band of collagenous 


Fig. 11—‘he choroid plexus of the third ventricle is accompanied laterally on both sides by 
finger-shaped processes of meningioma (see also Fig. 2). van Gieson stain; orig. mag. x 35. 


Fig. 12—Typical cells in small, irregular groups and strands. H & E stain; orig. mag. x 160. 


Fig. 13—Small meningioma above the corpus callosum, growing along the blood vessels. 
Pressure atrophy in the cortex of the cingulate gyrus. Mixed endotheliomatous and fibromatous 
type. van Gieson stain; orig. mag. x 57. 


Fig. 14—Part of an endotheliomatous nodule which contained many nodules, some with 
psammoma bodies. H & E stain; orig. mag. x 145. 


Fig. 15—Nodules of mixed endotheliomatous and fibroblastic type of meningioma. These are 
located on both sides of the plexus of the third ventricle in the arachnoid space and under the 
pia on one side. van Gieson stain; orig. mag. x 38. 


Fig. 16—Fibroblastic meningioma with heavy deposits of calcium needles. van Gieson stain; 
orig. mag. x 350. 
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fibers, thick in some areas, ran between the 
meningioma and the choroid plexus. 

Case 5.—In a 15-year-old spayed female 
(A 58-90), two small nodules, 3 mm. and 
1 mm. in diameter, were found in the 
choroid plexus between Ammon’s horn 
and the roof of the third ventricle, at the 
level of the infundibulum. The caudal por- 
tion of the plexus and the epiphysis were 
not involved by neoplasm. The nodules 
were areolar in histologic structure, con- 
sisting of cell bundles oriented in various 
directions. There were numerous small 
whorls, consisting of few cells. Many of 
the whorls were calcified or else had defi- 
nite central lumens containing some eryth- 
rocytes and giving the tumor a more richly 
vascular appearance than the other menin- 
giomas described herein. 

These tumor nodules were classified as 
mixed fibroblastic and endotheliomatous 
meningiomas. 

Case 6—A tumor of microscopic size 
was located immediately below the corpus 
callosum, between the pia mater and the 
vena magna cerebri, at the level of the 
anterior colliculi in a 10-year-old castrated 
male eat (A 58-59). The arachnoid cell 
nodule of concentrically layered, densely 


packed cells with ovoid vesicular nuclei 
was connected to the pia mater by delicate 


strands of tissue. There were spindle- 
shaped meningeal proliferations on both 
sides of the epiphysis and the vena magna 
cerebri involving the choroid plexus of 
the third ventricle as far as its rostral 
third. They reached their greatest diam- 
eter, 1.5 to 2.0 mm., at the level of the 
infundibulum. Both structures were in 
the arachnoidal space, t.e. they were lateral 
to the pia mater, medio-ventral to the 
plexus stroma, and medio-dorsal to the 
vena magna cerebri. A third nodule, 2 
mm. in diameter and extending under the 
pia mater, i.e., between it and the hippo- 
campus, was found at the level of the 
infundibulum (Fig. 13). 

The two spindle-shaped structures con- 
sisted almost exclusively of whorls, which 
were partially calcified in their centers. 
The sparse stroma contained multishaped 
forms of calcium spears and clubs. 

The third above-mentioned nodule had 
a lesser tendeney to whorl formation and 
had an abundant stroma. The cells and 
fibers were irregularly arranged in all di- 
rections. 

This tumor, consisting of the three nod- 


STUDIES ON MENINGIOMAS IN CATS 


1037 


ules, was classified as a mixed endotheliom- 
atous and fibroblastic meningioma. 

Case 7.—Cat A 58-100 was a castrated 
male, 8 years old. A meningeal prolifera- 
tion along the choroid plexus on both sides 
of the epiphysis was situated in the region 
of the foramen of Monro, immediately 
below the fornix in close apposition to 
the meningeal covering of the ventricular 
roof and above the choroid plexus. The 
transverse dimension of the mass was 3.5 
mm., and the dorsoventral dimension was 
2.5 mm. 

Microscopically, the tumor had distinct 
whorl formation of typical meningothelial 
cells. In addition, these cells were ar- 
ranged in groups and bundles that ran in 
all directions. Calcium concretions were 
present in capillaries and in small whorls. 

This tumor was considered to be a mixed 
endotheliomatous and fibroblastic menin- 
gioma. 

Case 8.—A microscopic meningioma was 
found in a spayed, 2-year-old cat (A 58- 
178). It was in the arachnoid space over- 
lying the cingulate gyrus, and consisted of 
one whorl of concentrically layered cells. 
The nuclei were vesicular, poor in chroma- 
tin, and had a distinct nuclear membrane. 
The center of the whorl had regressive 
cellular alterations in the form of pyknotie 
and fragmented nuclei and eosinophilic, 
shrunken cytoplasm. The surrounding 
arachnoid was rich in cells (Fig. 18). 

This tumor was considered as an early 
stage of an endotheliomatous meningioma. 


Discussion 


One or more meningiomas were found 
in eight of 155 cat brains examined rou- 
tinely at necropsy. Tumors of neuroecto- 
dermal origin were not found. None of the 
meningiomas had elicited tangible clinical 
signs, even though small areas of com- 
pression atrophy of the adjacent brain 
tissue was demonstrable in several cases. 
The large number of meningiomas found 
in relation to the number of brains exam- 
ined raises several questions: viz., whether 
such tumors are _ usually overlooked, 
whether cat brains in general are eare- 
fully examined, or whether the occurrence 
of this tumor was unusually frequent in 
the vicinity of Boston. 

It is understandable 
small size 


that tumors of 
such as most of these described 


Fig. 17—Zone adjacent to a meningioma with spindle-shaped cells that are filled with granules 
of brown pigment. H & E stain; orig. mag. x 800. 


Fig. 18—Small meningeal proliferation in the arachnoid space above a cerebral hemisphere. 
H & E stain; orig. mag. x 350. 


Fig. 19—Fibroblastic meningioma in the tela choroidea of the plexus of the fourth ventricle. 
(The medial side is at the top of the picture, the lateral side is below.) H & E stain; orig. 
mag. x 70. 


Fig. 20—Early stage of an endotheliomatous meningioma in the arachnoid space above the 
cingulate gyrus. H & E stain; orig. mag. x 350. 
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herein, would remain undetected if the 
brain were not examined syst -matically 
and carefully. This is particuiarly true 
since the tumors had a color almost indis- 
tinguishable from their surroundings, and 
many of those which are grossly visible 
lay close to the pineal body and could 
easily be mistaken for it. It is far more 
peculiar that none of these meningiomas 
attained a size large enough to evoke clini- 
eal signs. Presumably, such tumors could 
be found even with a more casual exam- 
ination of the brain. The affected cats 
often reached an advanced age and died 
of natural causes, which presumably gave 
the tumors time enough to attain a larger 
growth if they were going to do so. There 
is also the question of the eventual fate of 
these meningiomas, in the event that the 
life of the host had extended longer. Even 
with the support of histologic studies, it 
appears futile to speculate on whether the 
tumors would remain small and clinically 
silent, or whether they would develop into 
large, space-oceupying growths. However, 
further studies at the Angell Memorial 
Animal Hospital indicate that meningiomas 
may produce clinically recognizable signs.* 

Nearly all the meningiomas found were 
poorly vascularized, and the sparsely oc- 
curring vessels in some cases had under- 
gone regressive changes, chiefly calcifica- 
tion, which evidently choked off the blood 
supply and thereby retarded growth. The 
anatomic location of most of the menin- 
giomas in our series is worthy of note. 
In seven of the eight cases (7.e., in all of 
the old eats) a meningeal proliferation was 
found under the corpus callosum; as al- 
ready mentioned, it protruded into the 
third ventricle. According to the volumi- 
nous literature, this locus is rare in human 
beings.*;* That a meningioma can occur 
above the choroid plexus of the third ven- 
tricle, or in its stroma, is readily under- 
standable, since part of the pia mater 
together with the choroid plexus skirts 
along the corpus callosum and Ammon’s 
horn and forms the means of suspension 
of the choroid in the ventricle. The stroma 
of the choroid plexus is a leptomeningeal 
extension and is thus in a position to origi- 
nate meningeal tumors. 

It appears extraordinary that the menin- 
giomas accompanying the choroid plexus 


* Jones, T. C.; 
ton, Mass 


Angell Memorial Animal Hospital, Bos 
Personal communication 
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of the third ventricle are not exclusively 
of the fibroblastic type which, according to 
the literature, is the case in man.** "1 
The present cases were more variable and 
pleomorphic. In individual nodules, the 
typical cells occurred almost exclusively 
syneytially, united in concentrically lam- 
inated arrangements. In growths with 
many whorls, the reticulum fibers, as dem- 
onstrated by Wilder’s reticulin stain, were 
restricted to the stroma. Such tumors were 
associated with the endotheliomatous type 
of meningioma. 

In five of the seven cases of tumors with 
leptomeningeal extension, the meningiomas 
or at least parts thereof were of the mixed 
endotheliomatous and_ fibroblastic type. 
Apart trom whorls, the endotheliomatous 
cells also occurred in irregular groups and 
in strands and striae which ran in all di- 
rections. 

In two cases of meningeal proliferation, 
the growth was predominantly of the fibro- 
blastic meningioma type. There was an 
absence of typical cells and of whorl for- 
mation. One such tumor, in which the 
meningioma extended into the third ven- 
tricle and median fissure, had islands of 
coarsely vacuolated fat cells. 

Thus, this report shows that not only 
fibroblastic but also other histologic types 
of meningiomas can arise in the lepto- 
meningeal processes (tela choroidea, plexus 
stroma) of the cat. It also confirms Rus- 
sell’s assertion that most meningiomas 
contain transition forms to other types, 
and that more than one histologic form 
is visible in the majority of them. Hen- 
schen * also states that it is more difficult 
to create a strict classification of the menin- 
giomas, since the microscopic appearance 
of a single tumor not infrequently varies 
from section to section. In general, most 
of the tumors reported here could not be 
organized into any particular system. In an 
altogether arbitrary classification, one is 
readily prone simply to pass over whatever 
does not fit into that particular system. 

The meningiomas classified as endothe- 
liomatous type also had single or multiple 
psammoma bodies, in which a concentri¢ 
layering was discernible. Independent of 
psammoma bodies, more or less extensive 
calcification occurred in all of the menin- 
giomas. These club-shaped and spear-shaped 
mineral deposits appeared, on the basis of 
Wilder’s stain, to affect chiefly the reticu- 
lum fibers. 
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In two of the seven meningiomas accom- 
panying the choroid plexus of the third 
ventricle, there were also meningeal pro- 
liferations above the corpus callosum and 
in the median fissure; in two cases, there 
were numerous small nodules on the con- 
vexity of the cerebral hemispheres. These 
tumors were histologically as pleomorphic 
as the previously. As a 
further exception, there was also one small 
fibroblastic meningioma in the stroma of 
the choroid plexus of the fourth ventricle. 
However, no meningeal proliferation of 
the plexus stroma of a lateral ventricle 
was found. 

The 7 cats with meningioma of the iela 
choroidea of the third ventricle were 8 to 
17 years old. With one exception we were 
thus dealing exclusively with old or very 
One cat was male, 3 were cas- 
trated males, and 3 were spayed females. 


ones discussed 


old eats. 
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inter 155 cerebros felin que esseva 


illos esseva diverse in 
fibroblastic, e 


Histologicamente 
psammomatose, 


In duo del cerebros, proliferationes meningee super le corpore callose esseva notate a 
parte le meningiomas que se extendeva ad in le tertie ventriculo. In duo altere casos, numerose 
micre nodulos esseva presente super le convexitate del hemispherios cerebral. 

Es emphatisate le valor de examines systematic del cerebros de omne animales presentate 


al neeropsia. 


Contrast Encephalography and Ventriculography 
in the Dog—Preliminary Studies 


B. F. Hoerlein, D.V.M., Ph.D.; M. F. Petty 


SUMMARY 


In preliminary studies, techniques were 
devised so that pneumoencephalography, 
either by the cisternal or the lumbar route 
of administration, could be performed 
in the dog but results were inconsistent. 
Air injected directly into ventricles does 
not at the present time seem to be a 
practical procedure in ventriculography. 
However, radiopaque contrast mediums, 
such as ethyl iodophenylundecylate and 
n-propy! ester of 3:5 diiodo-4-pyridone- 
n-acetic acid, do offer a great deal of 
promise for canine ventriculography. 


INTRODUCTION 


Pneumoencephalography and ventricu- 
lography in man have become commonplace 
diagnostic tools. These techniques are used 
in diagnosing a variety of brain lesions 
such as internal hydrocephalus, tumors, 
abscesses, blood clots, and other conditions 
that change the position or size of the 
ventricles of the brain. Because such pro- 
cedures applied to dogs would greatly aid 
in the diagnosis of brain diseases, the ob- 
ject of this investigation was to devise a 
method of roentgenographie visualization 
of the brain, particularly the ventricles. 
The techniques, if adapted for dogs, would 
provide the basis for clinical brain surgery 
in that species. 


Review of Literature 


There is little existing literature on ventrieu 
lography and pneumoencephalography in the dog 
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but a great deal pertaining to man. Ventricu 
lography and encephalography were employed as 
early as 1918 by Dandy,’ who suggested that air 
as a medium would be nonirritating, nontoxic, and 
readily absorbed and exereted. Dandy suggested 
that the introduction of air into the lateral ven- 
tricles be called ventriculography. The introdue- 
tion of air into the spinal subarachnoid space, in 
such a .vay that as the air ascends in the spinal 
canal it then enters the various spaces over the 
cerebral hemisphere and also the 
termed encephalography. Various 
ticularly air and oxygen,’ have 
called pneumoencephalography. 


ventricles, is 
mediums, par 
been used in so 
much 
from the 


According to Robertson,” air is more 
slowly absorbed than oxygen. Oxygen 
subarachnoid spaces may be too rapidly absorbed 
by the anoxic blood. Air is considered to be better 
for use in the ventricles of infants, but oxygen 
might be better in larger areas or ventricles. 
When 20 to 25 ce. of air are slowly injected into 
the spinal subarachnoid space, there seems to be 
little after effect; but when this quantity is ex 
eeeded, headaches may occur. It is standard prac- 
tice to change the position of the head as the 
medium is being given, so as to outline the various 
areas of the ventricles more adequately. Robert 
son” claimed that head position must vary in or- 
der to demonstrate the various parts of the ven- 
tricular system. When the head and neck are fully 
flexed, the cisterna magna, the fourth ventricle, 
and the cerebral aqueduct are more fully visual- 
ized. At a 45-degree angle, more gas goes into the 
fourth and third ventricles. At a 25-degree angle, 
more gas passes into the third ventricle, and at a 
10 to 20-degree angle, most of the gas passes into 
the third and the lateral ventricles. 

Many authorities feel that encephalography is 
dangerous than ventriculography, particu 
larly in eases of increased intracranial pressure. 
It has been found, however, that the various dis- 


more 


comforts of pneumoencephalography, such as head 
aches and shock, can be relieved by inhalation of 
oxygen during and following the completion of 
the procedures. Moreover, it 
strated that in a considerable number of cases it is 
impossible to fill the ventricles satisfactorily by 


has been demon 


the injection of air into the spinal subarachnoid 
Just why this is true, 
patients without intracranial lesions is not known. 
The subarachnoid spaces may be outlined in per 
fect detail, but the failure of the ventricles to fill 
ventriculogram. 


spaee. particularly in 


makes it necessary to perform a 
It is perhaps for this reason that ventriculography 
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Fig. 1—The relations of the ventricles to other 
parts of the skull, dorsoventral view. (1) molar 
tooth, (2) nasal septum, (3) maxillary bone, (4) 
zygamatic arch, (5) frontal sinus, (6) coronoid 
process of mandible, (7) anterior horn of lateral 
ventricle, (8) interventricular foramen, (9) body 
of lateral ventricle, (10) suprapineal process of 
3rd ventricle, (11) inferior horn of lateral ventri- 
cle, (12) petrous temporal bone, (13) 4th ventricle, 
(14) lateral recess of 4th ventricle. 


is more frequently used at the present time than 
encephalography.” 

Ventriculography requires a surgical procedure 
in which the head is shaved and small incisions are 
made in the sealp at the level of the external 
occipital protuberance. Burr holes are then made 
in the cranial vault and the dura mater is exposed. 
After the dura is incised, a needle is inserted into 


Fig. 2—The relations of the ventricles to other 
parts of the skull, lateral view. (1) Frontal sinus, 
(2) orbit, (3) zygomatic arch, (4) coronoid process 
of the mandible, (5) upper molar teeth, (6) lower 
molar teeth, (7) lateral ventricle, (8) internal oc- 
cipital protuberance, (9) thalamus (mass inter- 
media), (10) cerebral aqueduct, (11) 4th ventricle, 
(12) ventral part of 3rd ventricle, (13) bulla ossea, 
(14) angular process of the mandible. 


the lateral ventricle. The ventricular fluid is 
drained and air is inserted in order to properly 
visualize the ventricles.’ This ocedure 
requires general anesthesia, 
cephalography does not. 


usually 
pneumoen- 

Some work has been done with contrast mediums 
other than Ethyl iodophenylundecylate* has 
been used via the lumbar route by Mones* 
via the ventricular route by Horwitz.‘ Horwitz 
suggests usirg 1.5 to 2.0 ec. of ethyl iodophenylun- 
decylate in the lateral ventricles. 
using 6.0 to 9.0 ee. of this medium in the lumbar 
subarachnoid space. When the needle is removed, 
the patient is placed in a dorsal recumbent position 
with the neck fully flexed. The table is tilted with 
the patient’s head at 80 to 90 degrees for one 
minute. The patient is brought to a 70-degree tilt, 
and lateral and anterior-posterior radiographs are 
taken in this position. Then the person is placed 
in the erect position for five minutes, and the 
medium is removed from the lumbar region by 
means of another puncture. In nine of 14 patients, 
the fourth ventricle was successfully filled. This 


air. 
and 


Mones suggests 


* Pantopaque, produced by Lafayette Pharmacal Ine. 


Lafayette, Indiana. 


— 


Fig. 3—Sketch of the lateral ventricles of the dog, 
dorsoventral view. (1) Cavity of olfactory bulb, 
(2) olfactory stem, (3) anterior horn of lateral 
ventricle, (4) 3rd ventricle, (5) interventricular 
foramen, (6) 3rd ventricle, (7) body of the lateral 
ventricle, (8) suprapineal process of 3rd ventricle, 
(9) inferior horn of lateral ventricle, (10)) cere- 
bral aqueduct, (11) anterior part of 4th ventricle, 
(12) lateral recess of 4th ventricle, (13) posterior 
part of 4th ventricle, (14) process which extends 
into central canal of medulla oblongata. 
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Fig. 4—Sketch of the lateral ventricles of the dog, 
lateral view. (1) Cavity of olfactory bulb, (2) 
olfactory tract, (3) anterior horn of lateral ventri- 
cle, (4) 3rd ventricle, (5) body of lateral ventricle, 
(6) interventricular foramen, (7) optic recess of 
3rd ventricle, (8) infundibular part of 3rd ventri- 
cle, (9) inferior horn of lateral ventricle, (10) 
cerebral aqueduct, (11) 4th ventricle, (12) lateral 
recess of 4th ventricle, (13) posterior part of 4th 
ventricle, (14) process extending into the central 
canal of the medulla oblongata. 


procedure is called rhomboencephalography. Mones 
feels that the use of ethyl iodophenylundecylate in 
the brain ventricles is a relatively safe procedure, 


Fig. 5—Landmarks for ventricular tap. A line 

drawn midway between lateral canthus of the 

eye to the external occipital protuberance, 1 cm. 
from the midline. 
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and that it creates little or no reaction.’ This, 
however, is not true of other mediums, particularly 
thorium dioxide.® 


Procedures and Results 

Anatomy.—Since one of the main pur- 
poses of this study was centered around the 
demonstration of the brain ventricles, it 
was important to review the anatomy of 
the ventricles in the dog. An article de- 
scribing the form and relations of the ven- 
tricles has recently been published by Fitz- 
gerald.* The fourth ventricle is commonly 
known as the cavity of the hindbrain and is 
situated between the central canal of the 
spinal cord and the third ventricle an- 
teriorly. Anteriorly, it lies above the pons 
and the anterior part of the medulla oblon- 
gata. Laterally, it is bounded by the resti- 
form body and the anterior peduncle of the 
cerebellum. The posterior portion of the 
fourth ventricle has free ends which are 
called the lateral recesses and these are 
flared like fish tails. The lateral recesses of 
the fourth ventricle communicate with the 
subarachnoid space by lateral apertures 
called the foramina of Luschka. The medial 
communication with the subarachnoid space 
is called Magendie’s foramen. 

The third ventricle is a median unpaired 
space situated within the diencephalon. 
This ventricle is a narrow cleft somewhat 
oval in shape as viewed laterally. The roof 
is the widest part of the circumference. 
The floor is the narrowest and is bounded 
chiefly by the structures which form the 
hypothalamus. Somewhat anteriorly, the 
third ventricle communicates with the two 
lateral ventricles by means of interven- 


Fig. 6—Incision site for ventriculography. 
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tricular foramina. The two lateral ven- 
tricles are irregularly shaped cavities lo- 
cated in each cerebral hemisphere and are 
separated from each other by the septum 
pellucidum. Each lateral ventricle is di- 
vided into three parts: the body, an an- 
terior horn, and a ventral horn. The lateral 
ventricles occupy quite an extensive area 
in the canine brain (Fig. 1-4). 

In order to study in more detail the ven- 
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Fig. 7—The temporal fas- 
cia is incised and the 
temporal musculature is 
‘*peeled off’’ the cranium. 


tricles of the canine brain, two dogs were 
killed. Their heads were placed in a deep 
freezer until completely frozen; they were 
then cut in 1 centimeter sections. One head 
was cut sagitally and the other transver- 
sally. It was found that the medial surface 
of the body of the lateral ventricle might 
be situated as close as 0.9 em. from the mid- 
line. The lateral ventricle is normally 
thicker in its posterior part. Measuring 


Fig. 8-—Drilling a hole 
for ventriculography. 
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Fig. 9—The needles are 
introduced in each lat- 
eral ventricle. 


vertically from 1.0 em. lateral to the mid- 
line, the lateral ventricle is found to be 2.6 
em. beneath the skull. However, the size, 
depth, and location varied considerably 
with the breed of dog examined (Fig. 1), 
12, 19). 

Ventriculography.—As a result of the 
anatomical studies, it was felt that numer- 
ous trials should be performed on a living 


Fig. 10—The contrast 
medium is introduced into 
the lateral ventricle. 
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specimen in order to determine the most 
convenient and accurate location for a 
ventricular tap. After the head of the 
anesthetized dog had been clipped and 
shaved for surgery, a midline incision of 
2.0 to 3.0 inches was made through the skin 
covering the cranial vault (Fig. 5, 6). The 
subcutaneous tissue and the fascia imme- 
diately adherent to the temporal muscles 
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Fig. 11—A dorsoventral 
ventriculogram, using 3 

cc. of ethyl iodophenyl- 
undecylate (dog 13). 


Fig. 12—A lateral ventri- 

culogram, using 3 cc. of 

ethyl iodophenylundecy- 
late (dog 13). 


Fig. 13—Ventriculogram, 
using 3 cc. of ethyl iodo- 
phenylundecylate (clinical 
case, 61-902) Notice the 
enlarged size. 


A 
ber’ 
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were incised. It was found that the extent 
and size of the temporal muscles varied a 
great deal with the type dog. The temporal 
muscles were carefully pealed away from 
the cranium from 0.5 to 1.0 inch from the 
midline (Fig. 7). After several trials, it 
seemed that a midpoint between the lateral 
eanthus of the eye and the external occi- 
pital protuberance was a good landmark.* 
A trochar-pointed intramedullary pin fas- 
tened to a Jacob’s hand chuck was then 
used to drill a small hole approximately 
0.5 em. from the above landmark (Fig. 8). 
After several trials with various sizes of 
needles and pins, it was decided that the 
conventional Quincke 22-gauge 3-inch 
spinal needle would be a satisfactory in- 
strument to insert into the lateral ven- 
tricles (Fig. 9). When this needle was 
used, it was found that the tunnel drilled 
into the cranium should be very small. 
The needle can then be forced slightly 
through the hole. It will fit snugly in the 
cranial tunnel, will not penetrate the ven- 
tricle too abruptly, and will remain much 
more stationary for an accurate puncture. 
The needle was then directed ventrally in 
an effort to keep it the same distance from 
the midline as it was inserted. The stylus 


of the needle was frequently removed, and 


careful observation was made for the 
slowly ascending ventricular fluid. When 
both ventricles had been properly pune- 
tured, various contrast mediums were used 
for radiographic procedures (Fig. 10). 
After the materials were administered, the 
ventricular needles were withdrawn and 
the temporal fascia was sutured. It was 
found that no more temporal muscle should 
be removed from the cranium than neces- 
sary so that hemorrhage could be more 
easily controlled. The suturing of the skin 
over the temporal fascia was routine and 
the head was generally bandaged post- 
operatively. 

After the contrast medium had been ad- 
ministered, various radiographs were made 
of the head in different positions. When 
the left ventricle was injected, the head 
was immediately tilted downward in order 
to visualize the anterior portion of the lat- 
eral ventricle and then was tilted upward 
so that the medium flowed to the posterior 
portion of the left lateral ventricle. Then 
the animal was placed in the right recum- 


suggested by Dr. Wil 
Bethesda, Md 


* This injection site had been 
liam Gay, National Institutes of Health 
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bent position in order for the medium to 
flow to the right lateral ventricle, and the 
same changes in positioning were made 
with each radiograph. If this was done 
properly, less contrast medium was needed 
to demonstrate the size and position of the 
ventricles. 

The contrast mediums used, besides ethyl] 
iodophenylundecylate, were diathrizoate 
sodium,* diatrizoate methylglucamine,** 
methylglucamine diatrizoate,’ sodium ace- 
trizoate,t and n-propyl! ester of 3:5 diiodo- 
4-pyridone-n-acetic acid.§ All but ethyl 
iodophenylundecylate and the last medium 
mentioned were so toxic that the animals 
died with two to five hours after adminis- 
tration. However, ethyl iodophenylundecy- 
late and n-propyl ester of 3:5 diiodo-4- 


* Hypaque 50%, produced by Winthrop Laboratories, 
New York, N.Y 
** Oardiographin, produced by 
New York, N.Y 
+ Renographin, 
New York, N.Y 
t Urokon, 
St. Louis, Mo 
§ Dionosil 


England 


Squibb, E. R. & Sons, 


roduced by Squibb, E. R. & Sons, 
if 3 


produced by Mallinckrodt Chemical Works, 


produced by Glaxa Lab., Ltd., Greenford, 


Fig. 14—Internal hydrocephalus in a 2-month-old 

Pekingese. Ethyl iodophenylundecylate (9 cc.) was 

introduced in the lateral ventricles after the animal 

had died. Droplet formations are due to cold 
tissues. 


¢ 
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pyridone-n-acetic acid produced no visible 
clinical sigus, and very little tissue reaction 
was seen on histopathologic examination. 
It was felt, because of its flow characteris- 
ties, that ethyl iodophenylundecylate was 
the best medium for use. The amount of 
this medium administered varied from 1 to 
3 ce. 


Fig. 16—The position of the dog for lumbar 


pneumoencephalography. 
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Fig. 15—Skeletal land- 
marks for lumbar pneu- 
moencephalography. 


Air was administered as a contrast me 
dium in 3 dogs, and poor radiographic con- 
trast was observed. Since the ventricles of 
the dog were observed to be small and air 
tended to leak out around the sides of the 
needle, air was not a satisfactory medium 
in most cases. Also, since the petrous tem- 
poral bone was in the same transverse place 


as the lateral ventricles, visibility of the 


ventricles in the 


(Table 1). 

Pneumoencephalography, Lumbar Route 
—Pneumoencephalography was tried in 16 
dogs. In 8 of them, air was injected by the 
lumbar route; in 8 air was injected into the 
cisterna magna. In lumbar pneumoenceph- 
alography, an area of skin was prepared 
over the first or second lumbar interspaces 
for an aseptic tap with a 22-gauge, 3-inch, 
Quincke spinal tap needle (Fig. 15). The 
dog was then anesthetized with pentobar- 
bital sodium and tilted in a 70 to 80-degree 
angle in a sternal recumbent position 
(head upwards). His hind legs were drawn 
forward and tied to the front legs so that a 
proper arch of the spinal lumbar segment 
was obtained (Fig. 16). The spinal needle 
was then inserted along the anterior bor- 
der of the dorsal spine, usually between the 
second and third vertebrae. As the needle 
touched the dorsal lamina of the vertebra, 
its position was varied until the interverte- 
bral space was felt. The needle was then in- 
serted until the dura was contacted and a 
superficial ‘‘flinch’’ was observed. The 
stvlus of the needle was carefully removed 


radiograph was poor 
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Fig. 17—Lumbar pneu- 
moencephalography (dog 
13). Notice the size of 
the lateral ventricles as 
compared with the ethyl 
iodophenylundecylate ven- 
triculogram seen in Fig- 
ure 12. 


Fig. 18—The position of 
dog cisternal pneumoen- 
cephalography. Notice the 
needle in the cisterna 
magna at the atlantooc- 
cipital junction. 


Fig. 19—Cisternal pneu- 
moencephalogram, lateral 
view (dog 15). 
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TABLE 1—Results of Ventriculography by Using Several Contrast Mediums 


Descrip- 
tion 


Contrast 


Method 


Results 


42 lb. 
2 yr. old 


60 Ib. 
4 yr. old 


35 Ib. 
(old) 


Air 


50 ec. total given intermittently in each lateral 
ventricle. Apnea occurred for a short while 
after each injection. Sternal recumbent posi 
tion. 


80 ce. total given in 10-20 ce. aliquots; little 


reaction noticed. Sternal recumbent position. 


ec. fluid withdrawn, 10 cc. air administered. 
Sternal recumbent position. 


35 Ib. 
(old) 


44 lb 
10 yr. old 


35 Ib 
3 yr. old 
25 Ib. 


2 yr. old 


39 Ib. 
1 yr. old 


83 Ib. 
aged 


Ethyl 
iodopheny!- 
undecylate 


Ethy! 
iodopheny]- 
undecylate 


Ethy! 
iodopheny!- 
undecylate 


Ethyl 
iodopheny] 
undecylate 


Ethyl 
iodopheny! 
undecylate 


Ethyl 
iodopheny!- 
undecylate 


Ethyl 
iodopheny] 
undecylate 


Ethyl 
iodopheny]l- 
undecylate 


cc. given in lateral ventricle. 3 cc. given 1 hr. 
later and head rotated in various positions 
Sternal recumbent position. 


ec. followed by 5 cc. air. This was given im 
mediately after failing with 50 cc. of air 
Ethyl iodophenylundecylate seen 1 week later 
Sternal recumbent position 


ec. in right lateral ventricle with needle in 
left. Sternal recumbent position. 


ec. in right side—right lateral recumbent 
position. Exposure made after each 1 cc. ali- 
quot. DV radiographs made after nose held 
up and down for contrast migration Con- 
trast still present after 11 days. 

5 ec. given in each lateral ventricle. Sternal 
recumbent position. 


portions; moved head 
Sternal 


ec. injected in 0.5 cc. 
up and down between radiographs. 
recumbent position. 


ee. given after tilting dog with head down, 
allowing fluid to drip out of needle. Sternal 
recumbent position. 


cc. in left lateral ventricle in right lateral re 
cumbent position. 


Lat.—poor. 
VD— indistinct 


Poor—air probably 
leaked out around 
needle. 


Poor—little contrast 


TOTAL: poor 


Good in laterals 
third ventricle ex 
cellent, ventricles 

very large 


Fair patchy filling 
of ventricles due 
to mixture of ethyl 
iodophenyl-unde 
cylate and air 


diffuse dis 
tribution. Much 
seen in cisterna 


Good 


6 ec. was too large 


a dose 


Excellent outlining 
and contrast of all 
ventricles. Ven 
tricles are large 


Poor. Incomplete 
filling due to poor 
tap. 


Poor. 3rd, 4th out 
lined. Mistaken 
tap into 3rd ven 
tricle instead of 
lateral 


Fair. Incomplete fill 
ing. Some contrast 
in subarachnoid 


Very good contrast 
and distribution 
Ventricles seem 
same size as with 


given 40 days 
after pneumo- air. 
encephalogram 


Fair in laterals. 3rd 
4th are good. Some 


Ethyl ec. in right side. Right lateral recumbent 
iodophenyl- position. 
undecylate contrast in sub 


arachnoid 


Good filling of all 
ventricles 
enlarged 


Clinic case 
9 yr. old 


Ethyl >} ec. in right side. Right lateral recumbent 
iodopheny! position. Radiographs taken at Ist ecc., 2nd 
undecylate ec., 3rd ec. injections. 


61-902 


Excellent for all 
ventricles. Very 


40 lb. 
2 yr. old 


Ethyl cc.——sternai recumbent position. Intermittent 
iodopheny! exposures in various positions. 30 cc. ringers 
undecylate injected into one side flowed from other little medium re 

moved 
ec.—exposures made after various positions. Good distributior 

Given in left side, right lateral recumbent good contrast 

position. 


70 Ib. 
10 yr. old 


Ethyl 
iodophenyl- 
undecylate 


Left lateral posi- All subarachnoid 
Good distribution in 


35 Ib. Ethyl cee.—injected in right side. 
aged iodophenyl- tion. 3 ec, more—no reaction seen. 


undecylate 


ventricles 


[ 1050 | 


? 
— 
No. 
4 | Air 
= 
1 42 Ib. 3 
2 yr. old 
9 1 
14 35 lb 
2 yr. old 
84 


TABLE 1 (cont.)—Results of Ventriculography by Using Several Contrast Mediums 


Descrip- 
tion 


18 lb 
7 mo. old 


21 1b 
aged 


25 lb 
aged 


21 1b 
1 yr. old 


52 Ib. 


5 yr. old 


3 yr. old 


25 lb. 


2 yr. old 


19 Ib. 
3 mo. old 


833 Ib. 


yr. old 


22 1b 


2 yr. old 


206 Ib. 
4 yr. old 


15 lb 
1 yr. old 


50 Ib. 
3 yr. old 


Lat 


lateral position ; 


Contrast 


Ethyl 
iodopheny! 
undecylate 


Ethyl 
iodopheny! 
undecylate 


Ethyl 
iodophenyl- 
undecylate 


Ethyl 
iodopheny! 
undecylate 


Ethyl 
iodopheny! 


undecylate 


sodium 


Methylgluca 
mine diatri 
zZoate 


Methylglu< 
mine diatri 


zoate 


Diatrizoate 


meth ylglucamine 


Sodium 


acetrizoate 


N-propyl 
ester of 3:5 
diiodo-4 
pyridone-n 
acetic acid 


Diluted to 50% 
with saline solu- 
tion, n-propy! 
ester of 3:5 di 
iodo-4-pyridone 
n-acetic acid 

Diluted to 33% 
with saline solu- 
tion, n-propyl 
ester of 3:5 di- 
iodo-4-pyridone 
n-acetic acid 

Diluted to 60% 
with saline solu 
tion, n-propyl 
ester of 3:5 di- 
iodo-4-pyridone 
n-acetic acid 


¥D = 


Ventrodorsal position ; 


5 ec. in right side. Left lateral position 


ec. in 


tion. 


ec. in side. 


tion. 


side. 


right side. 


left side 


right 


right side. 


side 


left side 


side. 


right 


DV 


side 


Method 


Left lateral 
Right lateral 
lateral 


Right 


Right lateral 


Left lateral recumbency. 


Sternal recumbent position. 


Sternal recumbent position. 


lateral recumbency 


Sternal recumbent position 


Sternal recumbent 


Sternal recumbexut position 


Sternal recumbent position 


Sternal recumbent position 


dorsoventral position. 


recumbent posi- 


recumbent posi- 


recumbent posi- 


recumbent posi- 


position. 


Results 


Good unilateral 
filling 


Fair filling. 
Good filling—ven 


tricles enlarged. 


Poor All 
arachnoid. 


sub 


Good unilateral 

filling 
TOTAL: Good, 
Fair 


Poor, 


Good contrast and 
distribution Died 
in 15 minutes in 
convulsions. 


Good contrast and 
distribution. Died 
in 1 hour. 


Poor contrast, fair 
distribution. Died 
1% hours later. 


and 
Died 


Good contrast 
distribution 


2 hours later. 


Good contrast and 
distribution. Died 
in 5 minutes. 


Fair 
Good 


distribution. 
contrast. 
No toxicity. 


Good unilateral fill 
ing, good contrast 
No reaction 


Contrast poor. Dis 
tribution good 
No reaction 


Fair contrast and 
good distribution. 
No toxicity seen 


No 
36 2 right side. 
38 3 ec. in left | 
tion 
47 38 ce. in left side 
tion 
11 
4 
23 27 Ib Diatrizoate 
yr. old 
24 23 Ib 
27 3 ce. in right sid. 
25 | 8 cc. in Right | 
28 sec. in left side 
1051 
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and the needle was observed for a gentle 
rise of cerebrospinal fluid. 

In some cases, the spinal fluid was with- 
drawn before air was introduced and in 
other cases it was not, but this did not seem 
to affect the results appreciably. In the 
average sized dog, 50 to 150 ce. of air was 
administered (Fig. 17). In some dogs 
there was obvious sensation as the air 
ascended in the cranial vault; in others 
there was not. The heads and bodies were 
positioned differently in an effort to ob- 
tain the optimum position for ventricular 
contrast. In most instances, the head was 
flexed at a 60-degree angle to that of the 
neck and, in other instances, the head was 
extended level with the neck and the table 
was in a nearly vertical position. This also 
did not seem to appreciably affect the ven- 
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Of these pneumoencephalograms, five 
lateral views were satisfactory and six were 
not satisfactory. In one instance, a satis- 
factory pneumoencephalogram was ob- 
tained but could not be duplicated in the 
same animal by introduction of air in the 
same manner (dog 5). Good dorsoventral 
radiographs were not obtained. The in- 
consistent results of introduction of air in 
this fashion seemed to bear out the findings 
in man; namely, that sometimes the air 
went into the ventricles and at other times 
it went into the cerebral subarachnoid 
space.” In some dogs, contrast was seen in 
both places—subarachnoid and intraven- 
tricular (Table 2 

Pneumoencephalography, Cisternal 
Route—Pneumoencephalography vi« the 
cisterna magna route was also studied, 


tricular contrast results. since cisternal punctures were more easily 


TABLE 2—Results of Pneumoencephalography Using the Lumbar Tap 


Contrast 
and 
amount Method Results 


Description 


Lateral—good 
DV—fair. 

Air stayed in ven 
tricles 7 days. 


2-3 lumbar. Subarachnoid space—90°L 
tilt, head up and extended level. 


50 Ib. 
3 yr. old 


Air 

50 ec 

2-3 lumbar. Subarachnoid space—90°L 
tilt, head up and extended level. 

Table 75°L, head level 

Teble 90°L, head level 

Table 


50 ec. 


100 ce. lumbar. Poor—no contrast. 
200 ce. 


150 ce 


13 days later 


lumbar. Poor—no contrast. 


lumbar. vertical—head level. Poor—very slight 


contrast. 


40 days later 


27 Ib. 
3 mo. old 


Air 
50 ec. Table 
Table 


Table 


lumbar. vertical—head level. Poor. 


Poor. 
Fair. 


50 ce. 2 lumbar. vertical—head level. 


200 ec. 2 lumbar. vertical—head level. 


50 days later 


Air 


50 ee. 


85 Ib. 
6 mo. old Lateral—-good ; 
DV—fair. 
Lateral—-good ; 
DV—fair. 
Lateral—good ; 
DV—faint 


3 lumbar. Table vertical—head level. 


50 ee. lumbar, Table vertical—head level. 


1-2 lumbar. Table vertical—head level. 


Withdrew 10 ce. fluid. 


13 Be Air 
50 ce. 
Air 

100 ce. 


61-958 
1—2 lumbar. Table vertical—head level. Fair—lateral 


Air 
150 ce. 


60 Ib. 
4 yr. old 


61-1228 

Good—lateral 
tion. Fair 
position. 


1—2 lumbar. Table vertical—head level. posi 


DV 


Air 
50 ce. 1-2 lumbar. 
to body. 


26 Ib 


2 yr. old Table 75°L, head at 60°L Good—lateral posi 
tion. 
Fair—DV posi 


tion. 


50 ec. 1-2 lumbar. Table 85°L, neck held at 
100°L, head at 90°L to neck. 


Air 2 
100 ec. 


32 Ib. lumbar. Table vertical—head level. Poor. 


2 yr. old lumbar. Table vertical—head at Poor. 
5 
TOTAL— 
Good lateral 
Fair lateral, 2 
Poor lateral, 4 


Lateral or lat. = lateral position for radiograph; DV — dorsoventra) position for radiograph. 


Dog 
No. 
4 
| 
40 
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TABLE 3—Results in Pneumoencephalography Using the Cisternal Tap 

Description and 

amount 


Method Results 


Poor—all subarach- 


55 Ib. Air Table tilted 45°L, head level. Withdrew 


2 yr. old 50 ec. 


50 ee. 


11 ce. fluid before air administration. 
Table tilted vertical, head level. 


noid. 
Poor—all subarach 


Air Table 45°L, 
drawn 


50 ee. 


noid. 
Good on lateral, 
fair on DV. 


No fluid with 
fluid removed 


head level. 
at first—5 ce. 


during administration of air. 


50 ee. 


50 ec Same. 


Air 
150 ee, 


100 ee. 


70 Ib. Air 
10 yr. old 100 ee 


100 ec. 


Table 75°L, 


Table 75°L, head 60° 


Table 75 


4 lb 
5 yr. old 


1760 


8 Ib. 


3 yr. old 


60 Ib. Air 


3 yr. old 100 ce 


Lateral lateral position for radiography; DV 


accomplished in the dog than lumbar punc- 


tures. For this route of administration, the 
animal was also anesthetized and the skin 
over the cisterna magna was prepared for 
aseptic puncture. The same type of spinal 
needle was introduced into the cisterna 
magna with the bevel of the needle directed 
anteriorly. After spinal fluid had been ob- 
tained in the usual fashion, the dog was 
tilted with the head up at a 70 to 80-degree 
angle in the sternal recumbent position 
(Fig. 18). Again, the position of the head 
was varied in order to find the position 
best adapted for this administration. In 
some dogs, air was administered with the 
head extended in the same plane as the 
cervical vertebrae; in others, the head was 
at a 45 to 60-degree angle to the cervical 


Same position—no fluid withdrawn 


Table 60 


Table 60 


Table 85 


Table 70° 


Table 80°L, head 60 


Table 90°L, raise head 2” 
at 90°L to neck. 


Table 70°, 


Excellent on lateral, 
fair on DV 


No better 


Most in subarach- 
noid space—very 
little in ventricles. 

Lateral good; DV, 
fair. 


L, head held in 80°L 


head, 45°L 


Poor—all subarach- 
noid. 


, head level 


Poor—all subarach- 
noid. 


, head level 


Lateral, fair; DV, 
slight. 

Lateral, fair; DV, 
slight. 

Lateral, fair; DV, 


slight. 


head level 


with neck 


L, head level 


Lateral, good; DV, 
fair. 


with neck. 


Poor—subarachnoid 
filling. 


and head held 


Poor—all subarach- 


noid 


head at 45°L to neck 


TOTAL—-Good, 3 
Fair, 1 


Poor, 4 


do soventral position for radiography 


vertebrae. In others, the body was tilted to 
a 90-degree angle, the neck overextended 
to approximately a 100-degree angle, and 
the head at a 60-degree angle to the neck. 
Position again did not seem to affect the re- 
sults appreciably. 

Good results were obtained in 3 dogs, 
fair results in 1 dog, and poor results in 4 
dogs. In the pneumoencephalograms that 
proved suecessful, the best ventricular con- 
trast -vas seen in the straight lateral pro- 
jection, whereas only faint conirast was 
usually seen in the dorsoventral position. 
This was probably true because of the 
petrous temporal bone interfering with 
radiographic visualization of the lateral 
ventricles (Fig. 19). 

Besides air contrast via the lumbar and 


Dog 
No 
3 yr. old 
18 50 Ib | | 
7 yr. old 
30 
43 35 lb Air 
aged 50 cc 
50 ec 
75 ec 
6) Air 
8 
61-1680 Air 
50 
‘ t 
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cisterna subarachnoid routes, positive con- 
trast mediums were also tried in 6 dogs: 1 
with diatrizoate sodium ; 4 with ethyl iodo- 
phenylundecylate; and 1 with n-propyl 
ester of 3:5 diiodo-4-pyridone-n-acetie acid. 
The dog given diatrizoate sodium died; in 
1 dog given ethyl iodophenylundecylate 
there was very good contrast, whereas in 3 
the material all went into the subarachnoid 
space; in the dog given n-propyl ester of 
3:5 diiodo-4-pyridone-n-acetic acid, the me- 
dium also went into the subarachnoid space. 
In the one dog in which the materials seemed 
to flow into the ventricle, it was believed 
that the material was given in the central 
canal rather than in the subarachnoid space. 
It was determined that ventriculography 
with the positive medium, such as ethyl 
iodophenylundecylate, was far superior to 
such cisternal subarachnoid administration 


(Table 4). 
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ease of diatrizoate sodium. Methylgluca- 
mine diatrizoate produced some small areas 
of hemorrhage adjacent to the fourth ven- 
tricle. When sodium acetrizoate was 
studied, numerous areas of hemorrhage 
were seen in the white substance of the 
cerebrum. There was also congestion of the 
meninges and some free hemorrhage in tis- 
sue adjacent to the lateral ventricles and 
an inflammatory response consisting of 
macrophage infiltration. When the four 
mediums were administered, hemorrhage 
seemed to be one of the main pathological 
lesions noticed. Three dogs given ethyl 
iodophenylundecylate the ventricles were 
studied histopathologically. In 1 of the 3, 
there were no significant lesions. In 1, a 
small accumulation of foreign material, 
undoubtedly ethyl iodophenylundecylate, 
was seen in the lining of one of the ven- 
tricles and was surrounded by macro- 


TABLE 4—Results in Rhomboencephalography,* Using Several Contrast Mediums 


Contrast 
and 
amount 


Dog 
No. 


Description 


Method 


Results 


17 


37 Ib. 
aged 


Diatrizoate 
sodium, 
3 ce, 

Ethyl 
iodopheny!]- 
undecylate. 


35 Ib. 
2 yr. old 


26 Ib. 
3 yr. old 


Ethyl 
iodophenyl- 
undecylate. 
Ethyl 
iodopheny!l- 
undecylate. 
Ethyl 
iodephenyl- 
undecylate, 3 cc. 


35 Ib. 
3 yr. old 


13 lb 
2 mo. old 


37 Ib. 
2 yr. old 


N-propyl] ester 
of 3:5 diiodo-4 
pyridone-n-acetic 
acid diluted to 
60% with saline 
solution, 6 ce. 


* Injection of opaque 


Toxicity Studies—Toxicity studies were 
carried out on several dogs with the vari- 
ous agents used. It was mentioned that 
diatrizoate sodium, methylglucamine di- 
atrizoate, sodium acetrizoate, and diatri- 
zoate methylglucamine all produced toxic 
clinical results when these agents were in- 
troluced into the ventricles. Upon histo- 
pathologie study, large areas of hemorrhage 
adjacent to the ventricles were seen in the 


Dog tiltec at 60°L with head down. 
Then tilted at 


Tilted with head down 60°L for 10 
minutes. 


Tilted with head down for 
minutes. 


Tilted vertically, head down for 20 
minutes. 


Tilted vertically for 20 minutes. 


Tilted 60°L, 


utes—45 minutes. 


Poor—subarachnoid 
filling. Dog died 
in one hour 


30°L and 80°L. 


Excellent in 3rd and 
and 4th ventricles. 
Probably was ad 
ministered in cen- 
tral canal 


Poor—all subarchnoid. 


Poor—all subarachnoid 
all subarachnoid 


Poor 


Fair——ventricles 
very small. 


head down for 5 min appear 


contrast medium into the spinal subarachnoid space. 


phages. In the third dog, there were small 
hemorrhages and folliculitis in tissues ad- 
jacent to the ventricles. Histopathologi- 
cally, none of these lesions seemed to be 
severe. 

N-propyl ester of 3:5 diiodo-4 pyridone- 
n-acetic acid administration was studied in 
1 dog in which the administration had been 
by a direct ventricular tap and no signifi- 
cant changes were observed (Table 5). 


| 
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ENCEPHALOGRAPHY AND VENTRICULOGRAPHY IN THE DoG 


TABLE 5—Toxic Responses of the Ventricular Linings to Various Contrast Mediums 


Amount of 
medium 


Medium and 
site 


Ethyl iodo- 5 ec. 
phenylundecylate ; 
lat. vent 


Ethyl iodo 
phenylundecylate 
lat. vent 


FE thyl iodo- 
phenylundecylate 
lat. vent 


200 cc 
50 ec. 


500 


on 3 occasions 


N-propyl 
ester of 3:5 di 
iodo-4-pyridone- 
n-acetic acid 
33% 
Methylglucamine 
diatrizoate, 60% ; 
lat. vent. 
Sodium acetrizoate, 
60% ; lat. vent. 
Diatrizoate 
methylglucamine 
lat. vent. 


Diatrizoate sodium 
lat. vent 


Lat. vent lateral ventricle; 2-3L 


Tissue reactions to air administered to 3 
dogs either by lumbar tap or through the 
cisterna magna were studied histopathologi- 
cally. In 1 dog, there seemed to be a slight 
increase in the number of glial cells near 
the ventricle in section. No other 
changes were noticed. In another dog, 
there was slight congestion of vessels in 
the chorioid plexus with small areas of 
hemorrhage, but no other significant 
changes were seen. In the third dog, given 
air either by lumbar or cisternal puncture 
on three different occasions, there were no 
significant changes (dog Tissue 
changes were not seen at necropsy in re- 
sponse to any of the mediums administered, 
unless the animal involved had clinical 
signs. 


one 


5). 


Discussion 


In these preliminary studies, it would 
seem that ventriculography is best accom- 
plished with a positive medium such as 
ethyl iodophenylundecylate. Introduction 
of air into the ventricles seems to present 


Interval between 
administration 


and necropsy Lesions 


Adjacent hemorrhage to lat. vent., some 
medium seen surrounded by macro- 
phages. No inflammation in ven 
tricular lining. 


12 days 


Slight inflammatory reaction in some 
lining cells. Oells contain clear 
substance in cytoplasm. 


No significant lesions. 


Congestion of vessels in choroid plexus 

with small areas of hemorrhage. 
Slight increase in glial cells near ven- 
tricle in one section. 


No significant changes 


No significant changes 


Died in 1 hour Slight hemorrhage and gliosis in tissue 


adjacent to 4th ventricle 


Much hemorrhage in cerebral white sub- 
stance. Congestion of dura 


Died in 5 minutes 


Hemorrhage and necrosis 
the lateral ventricle Inflammatory 
response seen numerous places Ex 
tensive hemorrhage in cerebral white 


Died in 2 hours adjacent to 


Died in 1 hour Hemorrhage adjacent to lateral 


ventricle 


2nd-3rd lumbar interspace 


many radiographic difficulties in the dog 
because of the heavy cranium, the petrous 
temporal bone, and the relatively small size 
of the ventricles. The density of the era- 
nium in the dog seems to vary much more 
than that in man. However, the use of air 
in the spinal subarachnoid space, either at 
the cisterna magna level or at the lumbar 
level, seems to have some degree of promise. 
However, the results of relatively few such 
trials in this experiment were not con- 
sistent. It might be advisable to first try 
the lumbar air administration; if it fails, 
try the cisternal air administration; and, 
finally, use the ventricular administration 
of ethyl iodophenylundecylate. 

The ventricular tap is relatively easy and 
seems to be safe. All of the procedures 
necessitate general anesthesia. Ventricu- 
lography requires an incision of the cranial 
skin and punctures made in the cranium 
for the entrance of the needle. Therefore, 
it must be considered the most drastic of 
the three procedures in that it involves 
actual surgery. Since no reaction was seen 
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Dog 

No 

47 3 ce 10 days 

46 Air 10 days 

13 Air 47 days 

1-2L 
5 Air; | 40 days P| 
2-3L 
45 3 ce 10 days ee 
24 6 ce. 
= 
23 3 ce 
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from the administration of such contrast 
directly into the ventricles, it may even be 
safer than the pneumoencephalography. 
This has aiso been concluded by physicians 
after many years of experience. 

It is possible that, with more investiga- 
tion, air ventriculography might prove 
more successful in the dog than it would 
appear at the present time. Whenever air 
is administered for ventricular contrast, 
the amount must be exact. Since many 


veterinary practitioners do not have proper 
radiographic equipment and technical as- 
sistance available, it would seem that the 
radiopaque contrast ventriculography might 
be most practical. 


SUMMARLO IN INTERLINGUA 
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Danger from Thorotrast as Medium for 
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Encephalographia e Ventriculographia de Contrasto in le 


Can—Studios Preliminari 


In studios preliminari, technicas esseva elaborate pro le execution de pneumoencephalo 
graphia in canes co. le utilisation del via de administration cisternal o lumbar, sed le 
resultatos obtenite noa esseva uniforme. Il pare que al tempore presente le injection de aere 
directemente ad in le ventriculos non es un practicabile methodo ventriculographic. Tamen, 
medios de contrasto radio-opae—como per exemplo iodophenylundecylato ethylic o estere 
n-propylic de acido 3:5-diiods-4-pyridon-n-acetic—monstra grande promissas pro le ventricu 
lographia canin. 


The Chemical Analysis of Normal Canine Prostatic Fluid 


Harris Rosenkrantz, Ph.D.; James Langille, B.A.; Marcus M. Mason, D.V.M. 


SUMMARY 


An extensive survey was made of the 
chemical constituents of canine prostatic 
fluid. Three noncastrated dogs without 
prostatic fistulas, 7 noncastrated dogs 
with prostatic fistulas, and 11 castrated 
dogs with fistulas were studied. Many 
of the findings of earlier investigators 
were confirmed but several new ovserva- 
tions were made. It was found that the 
total nitrogen:dry weight ratio provided 
a relatively constant index for following 
prostatic activity. The total nitrogen could 
be categorized as approximately 50 to 
60% protein, 20% polypeptide, 10% 
urea, and 10 to 15% other nonprotein 
nitrogen compounds, including catechol 
amines. The only reducing material of 
significant concentration (7%) was a non- 
dialyzable polysaccharide or glycoprotein. 
The ash contributed about 25% to the 
total dry weight. The stability of prostatic 
acid phosphatase was also established. 


INTRODUCTION 


Although significant contributions to the 
chemical analysis of the prostatic secretion 
of the dog have been made,’:*:!° few inves- 
tigations have offered more than limited or 
fragmentary information. The recognition 
of the more simplified anatomy of the acces- 
sory organs of the reproductive tract of the 
dog highlighted the advantage of this spe- 
cies for studies in endocrinology.?:>:8 With 
the development of surgical techniques for 
preparing dependable prostatic fistulas, 
careful chemical determinations of the com- 
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position of canine prostatic fluid could be 
undertaken.!® 18 

It has been clearly established that the 
pilocarpine-stimulated prostate of the dog 
elaborates significant quantities of organic 
and inorganic The vol- 
ume of the prostatic fluid varied from 7 to 
30 ml. and the pH ranged from 6.1 to 6.8.1° 
The concentration of osmotically active 
substances was 335 mEq./kg. of water and 
was comprised of 162.0 mEq. of sodium, 
5.2 of potassium, 0.6 of calcium, 156.0 of 
chloride, 1.7 of bicarbonate, 0 to 3.0 of 
citrate, and a trace of phosphate.’ The dry 
weight of 100 ml. of fluid was approxi- 
mately 2.45 Gm.!° 

The organic constituents consisted of al- 
bumins, globulins, and nucleoproteins (866 
mg./100 ml.) ; mucoproteins (57 mg./100 
ml.) ; and lipids (40 to 180 mg./100 ml.). 
Several enzymes were detected: amylase, 
8-glucuronidase, fibrinogenase, traces of 
alkaline phosphatase, and relatively high 
concentrations of acid phosphatase (18 to 
150 King-Armstrong units).7:!° It has been 
demonstrated that the proteolytic activity 
of dog prostatic fluid was ‘‘tryptic-like’’ but 
was not inhibited by soybean trypsin in- 
hibitor or by pancreatic trypsin inhibitor.’ 

Interestingly enough, despite the identi- 
fication of fructose as the important energy 
substrate for sperm metabolism in other 
species, none or trace amounts of reducing 
sugars have been found in dog prostatic 
secretion. Some investigators have indi- 
cated the absence of sugars in the dog 
fluid '° while others have detected the pres- 
ence of glucose? 

The purpose of this investigation was to 
carry out an extensive quantitative anal- 
ysis of the chemical constituents of canine 
prostatic secretion. Experiments were de- 
signed to account for all the dry weight 
present and to attempt to characterize the 
substances. Utilizing newer methods, simul- 
taneous measurements on a relatively large 
sample of dogs was initiated. Both intact 
and castrated dogs with fistulas were stud- 
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ied.!2, A few dogs were studied before any 
surgery. 


Materials and Methods 


The mixed-breed dogs under test weighed 11 to 
42 kg. They were housed in individual plastic 
kennels and exercised in outdoor runs twice daily. 
Feeding was carried out twice daily, each dog’s 
food intake. being regulated according to condition, 
appetite, and weight gain or loss. The diet con- 
sisted of two parts commercial biscuit to one part 
canned beef. Powdered milk was prepared for the 
dogs twice weekly and multiple vitamin supple- 
ments were added to the daily ration. 

The protatic fistulas were prepared according to 
published procedures.” For the collection of the 
prostatic secretion, the dogs were stationed on a 
table in a standing position and the fluid was 
collected into graduated centrifuge tubes for one 
hour. Earlier experiments employed a standard 
iv. dose of 5 mg. of pilocarpine, whereas more 
recent studies used doses related to body weight 
(0.7 mg./kg.). Prostatic fluid was collected two 
to three times per week for each animal. 

All castrated and vasectomized dogs were given 
10 mg. of testosterone subcutaneously every day. 

Where the volume of prostatic fluid was not 
limitirg, duplicate determinations of dry weight, 
ash, sodium, potassium, lipids, total nitrogen, non- 
protein nitrogen, creatinine, creatine, urea, 
monia, and reducing sugars were performed. Poly- 
mer determinations of protein and polysaccharide 
were carried out after dialysis. Acid phosphatase 
was also estimated and pH was measured electroni- 
cally. Insoluble material was removed by centrifu- 
gation before any chemical analyses were made. 


am- 


The dry weight was obtained on a 0.3- to 0.5-ml. 
aliquot of prostatic secretion in a tared 5.0-ml. 
beaker heated until constant weight was reached. 
All samples were cooled to room temperature in a 
desiccator before they were weighed. After obtain- 
ing the dry weights, the residue was redissolved in 
water and extracted three times with 10 ml. of 
ether for the estimation of lipids on a weight basis. 
Another 0.5-ml. aliquot of the prostatic fluid was 
ashed in a porcelain crucible over a Bunsen burner 
to constant weight. The redissolved 
in water and sodium, and potassium was measured 
by flame photometry.° 

For nitrogen-containing con- 
stituents, total nitrogen was determined on a 0.5- 
ml. aliquot of original fluid by the usual Kjeldahl- 
nesslerization methods. Nonprotein nitrogen (NPN) 
supernatant fluids were prepared by precipitation 
of the proteins with ZnSO, and Ba(OH). (1 ml. 
prostatic fluid to 2.0 ml. of 4.7% ZnSO, and 2.0 
ml. of 0.3N Ba{OH].). The supernatant fluids 
were utilized for the estimation of NPN by the Kjel- 
dahl-nesslerization methods, creatinine by the 
alkaline picric acid procedure,’ creatine by the di- 
acetyl method,® and urea via the urease technique.® 
Specific reducing sugars were estimated as follows: 
fructose by the resorcinol method,” glucose via 


residue was 


an accounting of 
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arsenomolybdie acid,’ and 
method.’ 


ribose by the orcinol 


Polysaccharide was determined by a modifica 
tion of the naphthol ring test.* An aliquot of 
0.1 ml. of original prostatie fluid diluted 
with 1.9 ml. of distilled water and put in an ice 
bath. One drop of 15% beta naphthol in 
ethanol was added and dispersed. The solution was 
underlayed with 5.0 ml. of concentrated sulfuric 
acid and the tubes were transferred to a boiling 
water bath for five minutes, shaken thoroughly, 
cooled to room temperature, and read at 574 mu. 


was 


95% 


High molecular weight substances were isolated 
by dialysis; 2 to 3 ml. of prostatic secretion was 
placed in Visking tubing 3 em. in 
dialyzed against 1 liter of distilled 
hours. The distilled water as 
times during this period. 
saccharide, and dry 
mentioned previously. 


diameter and 
water for 24 
changed 
Protein nitrogen, poly 
weight 


three 


was measured as 

The opportunity was available for determining 
acid phosphatase, using a glycerophosphate sub 
strate-buffer and catechol amines by fluorometry.’ 
Original prostatic fluid (0.1 ml.) was used for a 
study on the levels of phosphatases. In addition 
to the estimation of enzyme activity from day to 
day, some samples were analyzed each day for a 
week to evaluate the stability of the enzyme and 
prostatic fluid. The samples were kept at 5C., 
when aliquots were not being analyzed. 


Results 


The dogs under investigation have been 
studied for several months and the ranges 
of the parameters have been fairly well 
established. Some of the history of each 
animal and the range of volumes collected 
in one hour are listed (Table 1). The vol- 
umes represent the response of the prostate 
gland to a single i.v. injection of 5 mg. of 
pilocarpine hydrochloride. The range of 
volumes represents at least six determina- 
tions on each dog. In the case of dogs 424, 
425, and 428, the prostatic fluid was ob- 
tained by masturbation and fractional col- 
lection ; 7.e., the first fraction was collected 
in four minutes, and the second fraction 
was collected during an additional 15 min- 
utes. Centrifugation at 3,000 r.p.m. for half 
an hour and microscopic examinations as- 
sured that sperm was absent in this latter 
fraction. The sperm in the early fraction 
could also be removed by centrifugation 
and the fluid analyzed for chemical con- 
stituents. 


No elear-cut correlation existed (Table 


* Rosenkrantz, H., Forchielli, E., Giering, J., and Tru- 
ant, A. P.: Unpublished method developed in December, 
1958, at the Astra Pharmaceutical Company, Worcester 
Mass. 
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TABLE i—The Volume and pH of Canine Prostatic Secretion* 


Age Body weight 
(yr.) 


Dog 
(No.) Breed 


353 Collie x 
873 Hound x 
374 Hound x 
385 Beagle 
386 Collie x 
387 Shepherd 
362 Beagle 
366 Hound x 
367 Toy Shepherd 
368 Beagle x 
369 Beagle 
375 Lab. Ret. x 
379 Setter x 
381 Foxhound x 
424 Collie x 
425 Setter x 
428 Collie x 2 20 
* All dogs had direct fistulas except: 385 and 
(cystoileostomy ). 
** All dogs were given one i.v. 
The latter were stimulated by digital manipulation. 


1) between the volume of prostatic fluid 
and age or weight of the animals. In the 
noneastrated dogs, the heaviest (387) elab- 
orated less secretion than the lightest (385). 
However, the oldest (353) secreted more 
fluid than the younger animals. In the 
castrated dogs, 368, not the youngest but 
certainly the lightest dog, produced the 
largest volumes. 

In most instances, pH measurements were 
between slightly acid to slightly basic. 

It was obvious from the variable output 
of volumes that a suitable expression of the 
levels of chemical constituents would be 
needed. It did not seem reasonable to ex- 
press values in mg./100 ml. of prostatic 
fluid (as in the literature) since it would 


381 


Volume 


Treatment (ml.) 


Noncastrated 9.0 
Noncastrated 5-1.0 
Noncastrated 6.0 
Noncastrated 10.0 
Noncastrated .0-5.0 
Noncastrated 5—3.0 
Castrated 3.0 
‘astrated 5-2.0 
Jastrated 2.0 
Jastrated —14.0 
Jastrated 9.0 
Jastrated 3.0 
‘astrated 7.0 
Castrated 7.0 

No surgery 35.0* 
No surgery 14.0** 
No surgery 11.0** 


(cystostomy); 386 (cystopreputiostomy); and 379 


injection of 5 mg. of pilocarpine hydrochloride except 424, 425, and 428 


mean multiplying any errors by a large 
factor. Since the volumes in reality were 
low, it was decided to record titers in mg. 
ml. This would tend to be an index of the 
richness of fluid collected under identical 
circumstances and be independent of total 
volume. Therefore, in subsequent tables 
the results are expressed in this manner. 
The concentrations of inorganic materials 
are listed (Table 2). The information in 
this table reveals the significant content of 
dry weight material. The over-all range 
for noneastrated dogs was between 16.1 to 
25.9 mg./ml., while the values were between 
16.7 to 37.3 for castrated dogs given tes- 
tosterone. Except for dog 379, there ap- 
peared to be no question that animals given 


TABLE 2—Inorganic Constituents of Canine Prostatic Fluid* 


Dog Dry weight 
(No.) (mg./ml.) 


NONCASTRATED 
353 
374** 
385 
386** 
387** 
424 


425 


C ASTRATED 
862 
366 
367 
868 
869 
875 
374 
386 
887 
879 


B81 5 33.1 


to to im & & 


* Three to six determinations made for each parameter 
374 was given supplements of testosterone before and after castration 


castration; dog 


Potassium 
(mg. 


Sodium 
(mg./ml.) 


0.42 
0.14 
0.31 


33 


14 


** These dogs were studied before and after 


~ 
pH 
6.7-—7.2 
7.0—7.2 
6.8-7.2 
6.4-7.1 
6.6—6.8 
6.8-7.1 
6.8-—7.2 
6.6-—6.8 
5.9-—6.7 
6.5-—6.9 
6.5-6.9 
6.9-7.1 
6.7-—7.3 
(mg./ml.) | 
19.6—20.9 6.9-—7.5 1.21—1.77 0.62 
22.2—25.9 2.1-2.7 0.43-—0.53 0.22 
17.7-—22.5 5.5-7.1 1.01—1.85 0.48 
16.6—18.1 
16.9-—23.7 7-6.8 1.08—1.68 0.88-—0.53 
16.1—17.8 
22.1-29.0 8.5-10.4 0.75-0.95 0.30-—0.50 
29.1—36.0 
24 4.8-6.3 0.98-1.16 0.43—0.62 
24 4.2-5.2 1.09-—2.26 0.33-—0.58 
25 5.4-—6.1 0.69-—1.36 0.29—0.35 
23 
21 
20 8.1-—9.5 2.05-—2.45 0.81-—0.93 
2.5-2.8 0.42—0.62 0. mi—0.24 
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testosterone supplement produced a fluid 
richer in solids. This suggested that the 
levels of exogenous hormone were higher 
than the endogenous levels manufactured 
and required by the animals themselves. 

The data in Table 2 also disclose that the 
inorganic constituents (ash) comprised, 
generally speaking, between 15 to 35% of 
the total dry weight. Only sodium and po- 
tassium were determined in this investiga- 
tion, and it was found that approximately 
20 to 30% of the ash was sodium and 5 to 
10% was potassium. Other investigators 
have demonstrated that chloride occurs in 
concentrations similar to sodium.’ In the 
present study, trace or no levels of inor- 
ganic phosphate could be detected. An aec- 
counting of the ash indicates that approxi- 
mately 30% of other inorganic constituents 
must be sought. 

From the previous discussion, it can be 
seen that the major component of the solids 
in dog prostatic fluid must be organic ma- 
terial. The analysis for the usual classifi- 
cations of organic matter as protein, car- 
bohydrates, and lipids is given (Table 3). 
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weight levels, protein titers appeared higher 
in testosterone-treated, castrated dogs than 
in intact dogs. 

The NPN accounted for approximately 
20% of the total nitrogen. Urea was re- 
sponsible for approximately 50% of the 
NPN, whereas ammonia contributed 6%. 
Negative results were obtained for creati- 
nine and creatine. 

The concentration of carbohydrate va- 
ried from 0.65 to 5.0 mg./ml. (approx. 7% 
of the dry weight) and this large variation 
may be in , art a reflection of the presence 
of an amylase.’ It was observed that car- 
bohydrate titers could decline in aged sam- 
ples. When specific tests for monosaccha- 
rides were utilized, it was found that a few 
samples of prostatic fluid contained traces 
(less than 0.05 mg./ml.) of glucose and 
ribose. It is to be emphasized that in most 
instances negative results were obtained 
for fructose as well as glucose and ribose. 

The levels of lipids were uniformly low 
and accounted for approximately 2.4% of 
the total dry weight. A total accounting 
then of the average dry weight sample was 


TABLE 3—Organic Constituents of Canine Prostatic Fluid* 


Total 
nitrogen 
(mg./ml.) 


Dog 
(No.) 


NONCASTRATED 

353 1.68-1.92 
374** 2.09—2.89 
385 .64-1.96 
386** 
387** .81-2.3 
424 15-1. 
425 38-1 


CASTRATED 
362 
366 
367 
368 
369 
875 
374 
386 
387 
379 


381 


02-3.2 
95-4. 

.94-3.5 
.68-3.% 
58—4.: 
26-2. 


-62—3.08 
14-2.04 
62—3.37 


* Three to six determinations were made for each parameter. 


Nonprotein 
nitrogen 
(mg. 


0.44-—0.85 
0.27-0.45 
0.35-—0.67 79-2.10 0.60—0.96 


0.35-—0.45 
0.28-0.47 
0.49-0.85 


Carbo- 
hydrate 
(mg./ml.) 


Lipids 


ml.) (mg./ml.) 


70-2.95 
-23-1.86 


0.26—0.47 
0.17—0.22 


0.95-1.42 


0.90—1.18 


.20—0.40 


.B1-—0.39 
.95—5.00 35—0.45 
-15--1.32 .383-—0.37 
80—1.80 27-0.37 


2.20-—2.40 


.91-3.01 0.30—0.42 


** These animals were studied before and 


after castration; dog 374 was given supplements of testosterone before and after castration 


It can be seen from the data in columns 2 
and 3 that canine prostatic secretion is rela- 
tively rich in protein material. Employing 
the difference between the values in these 
two columns and the dry weights given in 
Table 2, it was found that the range of pro- 
tein substances for all dogs was approxi- 
mately 40 to 65%. As in the ease of dry 


approximately as follows: ash, 25.0%; 
lipids, 2.4% ; carbohydrate, 6.9% ; protein, 
56.0% ; and NPN, caleulated mainly as urea, 
4.7%. This totals 95% of the solids. 

It was of considerable interest to further 
characterize the nitrogen and carbohydrate 
constituents. Several dogs on hormone treat- 
ment were selected for analysis of their 


0.42—0.50 1.25-—1.92 
» 
0 
4 1 
0 
> 0.23—0.30 
.61-3.01 
| 0.33-—0.49 0.65-—0.85 
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nation of the catechol amines are outlined 
(Table 5). A range of 0.07 to 0.60 »g./ml. 
was obtained for epinephrine and values 


prostatic secretions before and after dial- 
ysis. The results of these experiments are 
shown (Table 4). The nondialyzable nitro- 


TABLE 4—Partial Characterization of Canine Prostatic Fluid Components by Dialysis 
mg. after dialysis 


Total N 


ml. before dialysis 


Total N 


mg 
Dogs with 


fistulas CHO** 


Treatment* Dry wt. Dry wt 


0.49 


0.25 


0.47 


6. 


None 
Stilbestrol 
Test. + stilb. 
Testosterone 


353, intact 


one 
aaa & 


374, intact 
368, castrated 


Test. + stilb. 
Testosterone 
Testosterone 
Test. + stilb. 
Test. + stilb. 
Stilbestrol 


369, castrated 


375, castrated 
379, vasectomy 
(cystoileostomy ) 


Co 
OO 


* Stilbestrol was of 


carbohydrate. 


given at a rate 


gen calculated as true protein was equiva- 
lent to approximately 38% of the total dry 
weight and 62% of the total nitrogen be- 
fore dialysis. Since nonprotein nitrogen 
estimations before dialysis accounted for 
about 20% of the total nitrogen, then ap- 
proximately 20% of the total nitrogen 
would appear to be polypeptide in nature 
(molecular weight less than 1,000). As 
would be expected, the polypeptides would 
be precipitable by the zine sulfate-barium 
hydroxide system and pass the dialyzing 
membrane. 

During the precipitation of proteins for 
the preparation of NPN supernatant fluids, 
it was observed that the carbohydrate ma- 
terial would co-precipitate. This phenome- 
non was suggestive of a polysaccharide or 
glycoprotein. The data in Table 4 further 
substantiate the molecular size of the car- 
bohydrate since it was nondialyzable. The 
sum of the weights of the nondialyzable 
protein and carbohydrate satisfactorily 
accounted for the total dry weight residing 
within the dialyzing bag. It may be gen- 
erally stated that stilbestrol treatment 
tended to decrease carbohydrate titers. 

Other explorations were undertaken for 
nitrogen-containing constituents. A fluo- 
rescent procedure for catechol amines was 
applied to a number of samples of prostatic 
fluid (Table 5). Addition of 0.05 or 0.10 
ug. of norepinephrine and epinephrine, re- 
spectively, to 1 ml. of prostatic fluid could 
be recovered between 90 to 100% without 
fractionation of the fluid. This suggested 
that little or no interfering compounds 
were present. The results on the determi- 


Oe oe 


daily ; 


testosterone was given in 10-mg. doses 


for norepinephrine varied similarly. In 
most instances, titers of epinephrine were 
higher than the demethylated analogue. 
Since the determination of total nitro- 
gen and dry weight for canine prostatic 
secretion appeared to be a measure of the 
richness of the fluid, a ratio of both param- 
eters was used for comparison with other 
species. This total nitrogen: dry weight 
ratio was quite constant from day to day 


TABLE 5—Catechol Amine Content of Canine 


Prostatic Fluid* 
Date 


sample 
collected 


Epinephrine 
ue./ml. 


Norepinephrine 
ug. /ml 


Dog 
(No.) 


353 
366 
367 
368 
368 
369 
369 
369 
374 
374 
374 
374 
379 
379 
381 
381 
385 
387 
387 
387 
387 


385 had no treatment; all others were 


* Dogs 353 and 
given testosterone. Blood values for the dog have been 
reported as being 0.61 + 0.50 s.d. and 1.25 + 0.86 mug./ 
min./kg. for norepinephrine and epinephrine, respectively.‘ 
Levels of 0.18 mg./Gm. and 0.87 mg./Gm. of norepineph 
rine and epinephrine, for the adrenals of 
dogs have been found.™ 


respectively, 


061 
20.6 0.45 a7 1.12 
18.0 0.25 1.38 = 
31.6 0.50 1.31 | 
20 a2 0.65 1.45 0.64 
2 0.90 0 2.60 0.95 
PC 3 0.50 1.93 0.50 
3 2.88 = 
2 5 0.70 1.75 0.90 
P| 1 3 0.29 3 0.36 0.30 
7-28 0.40 0.24 
8-4 0.60 0.30 
4 0.50 0.50 
8-2 0.50 0.50 
10-14 0.03 0.14 
8-3 0.25 0.24 
10-10 0.40 0.14 
10—17 0.05 0.09 
10-3 0.05 0.15 
10—6 0.07 0.07 
10-13 0.23 0.17 
10-17 0.08 0.14 
9-29 0.07 0.42 
10-10 0.14 0.23 
10—4 0.09 0.08 
' 10-11 0.13 0.17 
7-26 0.50 0.60 
10—4 0.06 0.25 
10-7 0.23 0.35 
10—11 0.10 0.15 
10-14 0.23 0.41 
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TABLE 6—Dry Weight and Total Nitrogen De- 
termination on Seminal Plasma of Various Species* 


~ Total N 
(%) 


Animal Dry wt. 


Man 
Bull 


Dry wt. Total N 


82.0 9.13 

95.3 7.56 

94.9 8.0 
148.2 8.75 51.1 
172.3 13.96 85.0 


24.5 1.67 7.0 


Protein 
52.3 


44.2 
45.2 


0.111 
0.080 
0.084 
0.059 
0.083 


0.069 


Ram 
Boar 
Stallion 
Dog* * 
Intact 19.9 
Castrated 29.6 


10.4 
16.4 


1.95 0.098 


8.28 


dog are the mean of 4 noncastrated (intact) and 10 tes- 
tosterone-supplemented castrated dogs. All had prostatic 
fistulas. 


for each dog. The data in Table 6 depict 
the pertinent comparison among the spe- 
cies. Values for the dog more closely ap- 
proximate those of man than do those of 
the other species. The constancy of the 
total nitrogen : dry weight ratio suggested 
utilization of this index in following the 
period of time that the dogs would require 
to recover from surgical preparation. This 
information has been recorded in Table 7. 


ROSENKRANTZ—LANGILLE—MASON 


Am. J. Vet. 
NOVEMBER, 1961 


the testosterone-treated castrated dogs 
tended to elaborate higher titers of acid 
phosphatase. The average mean for intact 
dogs was 7.3; for castrated dogs the value 


TABLE 8—The Levels of Acid Phosphatase in 
Canine Prostatic Fluid 


mg. PO, released / 


Total No. he. 


determi- 
nations 


Dog. No. 
and 
condition 


Mean 
+ a.d. 
6.10.9 
5.10.4 
6.3 + 0.7 
0.8 
8+1.3 
2.8 + 0.3 
§.0 


Av. vol. 
(ml.) 
53, intact x, 6 

intact 5 

5, intact 

, intact 

7, intact 
2, castrated 
, castrated 
7, castrated 
, castrated 
379, castrated 5 8.4+0.9 
381, castrated 5 9-19.: 5 + 2.0 


Range 
4.3-7.0 
4.4-—5.8 
5.5-7.2 
7.9-9.2 
9.5-11.9 
6.0—10.0 


was close to 10.9 mg. of PO, released per 
hour per milliliter of prostatic fluid. 

The procedure for the estimation of acid 
phosphatase was also used to follow the 
stability of this enzyme in the prostatic 


TABLE 7—Total Nitrogen: Dry Weight Levels in Prostatic Fluid of Dogs Just After Surgery 


Fistula 
approach 2 


Dog 
(No.) 


387 


0.096 0.109 


Direct 


Weekly determinations mg. nitrogen/ml. : mg. dry weight/ml 


7 8 9 10 


0.098 0.098 


0.100 
0.090 


0.093 0.101 0.102 
0.102 


0.092 


0.187 0.162 
0.171 0.137 
0.186 0.197 


0.085 
0.145 
0.134 


386 
385 
381 


Cystopreputiostomy 
Cystostomy 
Cystostomy 


0.094 0. 


Each dog was studied after a two-week 
period necessary for convalescence. The 
total nitrogen: dry weight ratio became 
relatively constant almost immediately after 
convalescence, in the case of the direct fis- 
tula approach. The urethral adaptations 
caused elevations in total nitrogen, but the 
ratio stabilized three to five weeks after 
convalescence. 

One of the more extensively studied en- 
zymes in canine prostatic fluid has been acid 
phosphatase.’ Whereas previous investi- 
gators employed a synthetic substrate, phe- 
nyl phosphate, this study incorporated a 
natural substrate, glycerophosphate.1® The 
variability in the titer of this enzyme dur- 
ing weekly determinations is shown (Table 
8). There was no apparent correlation be- 
tween the levels of acid phosphatase and 
the age or weight of the animal. However, 


fluid. It was found (Table 9) that enzyme 
titers remained constant for at least seven 
days within the experimental error of the 
method. Microscopic examination of each 
fluid each day failed to reveal the presence 
of bacteria. The pH did not significantly 
change during the one-week period of 
study. 

During the present investigation, chemi- 
cal measurements were carried out on dogs 
before they underwent surgery for fistula 
construction. The seminal plasma was ob- 
tained by manual manipulation, and the 
early sperm-containing fraction was col- 
lected separately from the subsequent fluid 
mainly composed of prostatic secretion. 
Both fractions were analyzed (Table 10) 
after removal of sperm and insoluble debris 
by centrifugation. The information in 
Table 10 clearly reveals that the total nitro- 


63 
46 
34 
50 
55 0.111 
* Data taken from reference.“ ** The values for the 
4 5 6 
0.093 110 
0.142 0.110 0.114 0.101 
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TABLE 9—Stability of Acid Phosphatase in Ca- 
nine Prostatic Fluid* 


No. of determi- 
nations on same 
samples on con- 

secutive days 


mg. PO,/hr./ml. fluid 


Dog 
(No.) Range 
368 
369 
385 
368 
381 
386 
387 
353 
862 
379 
381 
886 
387 6 


AAAAA 
ec 


& 


* Duplicate determinations were made on the samples 
on their day of arrival and thenceforth on the number 
of consecutive days indicated. The fluids were kept at 
5 C0. between analyses. There was no significant varia- 
tion in pH during the study and the instance of bacterial 
detection microscopically was rare. 

** The over-all percentage error for all determinations 
was approximately 5, range 1 to 10%. 


gen: dry weight ratio is in the range ob- 
served for dogs with fistulas. The total 
nitrogen and dry weight values were about 
doubled in the 15-minute fraction in dog 
424 as compared with those dogs with fis- 
tulas, but this was the first attempt at col- 
lecting prostatic fluid by masturbation. 
The corresponding values for dogs 425 and 
428 were remarkably similar to those of 
dogs with fistulas. Secretions from organs 
other than the prostate contributed to the 
higher concentrations of material in the 
two- to four-minute fraction, as would be 
expected. 

In more recent explorations, because fluid 
volumes were low, attempts at elevating 
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the volume of secretion were undertaken. 
Six intact and 6 castrated dogs were given 
0.7 mg./kg. of pilocarpine for stimulation 
of the prostate gland. In all instances, an 
increase in the volume of prostatic fluid 
resulted. The increment was between 2.5 
to 7.0 times the original volume obtained 
at the pilocarpine dose of 5.0 mg. per dog. 
Similar to the use of one hour for collect- 
ing fluid in the earlier experiments, it was 
found that at least one hour was necessary 
to collect the prostatic secretion released 
by the higher dose of pilocarpine (Fig. 1). 
As can be seen in Figure 1, volume plateaus 
were being reached at about one hour for 
most of the animals studied. 


Discussion 


The endeavors of Huggins and colleagues 
over the past 20 years have illuminated 
many avenues of exploration on the pros- 
tate gland and its physiologically important 
secretion.? Additional information is sorely 
needed for elucidating the mechanisms of 
synthesis of the gland, the purpose of the 
products released, and the integrated in- 
fluences of hormones on the gland. The 
anatomic advantage of the dog should stim- 
ulate further studies in these directions. 

The approach in the present investiga- 
tion has been to make an accounting of the 
chemical constituents in prostatic fluid. It 
was also hoped that a battery of dependable 
parameters could be evolved to follow the 
activity of the prostate gland. The data 
presented show that the concentration of 
protein material could be an important 


TABLE 10—Chemical Analyses on Canine Seminal Plasma* 


Collection 
time ( min.) 


5 
9 


18.0 


* Approximately ‘ 


Volume 
(mil.) 


of total nitrogen was nonprotein nitrogen. Carbohydrate 


| N 
Dry weight Total 


(mg./ml,) 


Total nitrogen 
(mg./ml.) Dry wt 


0.095 
0.086 
0.101 
0.081 
0.119 
0.094 


0.100 
0.100 
0.105 
0.105 
0.104 
0.104 


0.110 
0.084 
0.108 
0.089 
0.110 
0.089 


amounted to 7%. 


Mean 
+ <a4.** 
0.3 
0.5 
0.5 
0.8 
0.8 
0.4 
0.5 
0.4 
0.8 
9 0.3 
0.4 
| 0.4 
0.2 
No Date 
424 7-28 2.0 Bs 82.7 
15.0 41 49.5 
424 8-1 2.0 9.2 71 
11.0 28.6 13.5 
424 8-4 2.0 6.9 68.7 
20.0 26.0 44.8 
425 8-1 3.0 6.3 67.9 6.8 
8.0 10.0 21.0 2.1 
425 8-5 2.5 65.4 6.9 
10.0 5.2 24.8 2.6 
425 8-8 4.0 6.4 
15.0 5.8 22.9 2.4 
428 9-28 4.0 5.5 44.6 4.9 
12.0 7.7 21.5 1.8 i 
428 10-1 4.0 5.0 44.3 4.8 
14.0 10.8 23.5 2.1 
428 10-5 5.0 1.8 10.9 4.5 
10.8 21.3 1.9 
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VOLUME OF DOG PROSTATIC 
FLUID WITH TIME 


Oo 10 20 30 40 50 60 
Minutes 


Fig. 1—Graph showing the volume of prostatic 

secretion during a one-hour collection period for 

several dogs with prostatic fistulas. (The numbers 
within the graph designate individual dogs.) 


parameter for evaluating prostatic activity. 
It was found that the relatively high con- 
centration of protein nitrogen was indica- 
tive of the richness of the fluid. It was ob- 
vious that castration reduced the protein 
(and enzyme) content and that adminis- 
tration of testosterone resulted in an inere- 
ment. This would certainly suggest a 
direct hormonal response. 

Other interesting nitrogen components 
that require elucidation are the dialyzable 
constituents that may be polypeptides. It 
is not unreasonable to suppose that these 
compounds may play an important physio- 
logic role. 

A similar situation may exist for the 
polysaccharide or glycoprotein found to 
occur in significant quantities. Here is the 
first indication of a possible source of 
energy for dog sperm. The absence of sig- 
nificant concentrations of fructose or glu- 
cose in canine prostatic fluid, unlike findings 
in many other species, is curious. The pos- 
sibility that the reducing polymer may 
also be useful in hormone bioassay was sug- 
gested by the decrease in its concentration 
when the dogs were treated with stilbestrol. 

Another made 


interesting observation 
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was the finding of both norepinephrine and 
epinephrine in prostatic fluid. Here again 
an explanation must be found for the pres- 
ence of these hormones in the natural en- 
vironment of sperm. Speculation may 
range from an activation of phosphorylase 
activity in sperm to an influence on the 
contractility of the female genital tract. 

Although approximately 95% of the total 
solids have been categorized, much work 
remains to be carried out for the characteri- 
zation of each component. The possibility 
of analyzing prostatic fluid on intact dogs 
through fractional collection is not being 
overlooked. The similarity of protein con- 
centrations between canine and human 
prostatic secretion suggests that informa- 
tion derived from the dog may be appli- 
cable to man. 
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SUMMARIO IN INTERLINGUA 


Le Analyse Chimic de Normal Liquido Prostatic Canin 


Esseva facite un extense studio del constituentes chimie de canin liquido prostatic. Esseva 
studiate 3 non-castrate canes sin fistulas prostatic, 7 non-castrate canes con fistulas prostatic, 
e 11 eastrate canes con fistulas prostatic. Multes del constatationes de previe investigatores 
esseva confirmate, sed plure nove observationes esseva facite. Esseva trovate que le proportion 
nitrogeno total a peso sic provideva un relativemente constante indice pro observar le activitate 
prostatic. Le nitrogeno total poteva esser categorisate como continite a cirea 50 a 60% in 
proteina, a 20% in polypeptido, a 10% in urea, e a inter 10 e 15% in altere compositos a 
nitrogeno non-proteinic, incluse catecholaminas. Le sol material reducente de grados signifi- 
eative de concentration (7%) esseva un non-dialysabile polysaecharido o glycoproteina. Le 
cineres contribueva circa 25% al total peso sie. Le stabilitate del prostatic phosphatase acide 


esseva etiam demonstrate. 


Further Studies on Prophylactic Therapy Against the 
Developing Stages of Dirofilaria immitis Before 
Reaching the Canine Heart 


Seiji Kume, D.V.M., Ph.D.; Isamu Ohishi, D.V.M., Ph.D.; Shigec Kobayashi, D.V.M. 


SUMMARY 


Diethylcarbamazine, an antimonial 
(sodium disulfo- 
nate), and an arsenical (dichlorophenar- 
sine hydrochloride) were tested for their 
ability to destroy Dirofilaria immitis worms 
in their intermediate developmental loca- 
tion before they reach the heart. As 
prophylactic agents, none of the com- 
pounds was completely satisfactory or 
practical in the dosages tested. 


INTRODUCTION 


When Kume® reported success in pre- 
venting the development of Dirofilaria im- 
mitis in experimentally infected dogs with 
antimony at twice the microfilaricidal dose, 
it was the first concrete evidence that any 
therapeutic agent was prophylactic. It was 
suggested that the minimum protective dose 
of antimonials be determined more accu- 
rately and that it be determined whether 
antimonials may be utilized as practical 
prophylactic agents. 

Field trials } have indicated that diethyl- 
carbamazine* can prevent Dirofilaria in- 
fection. A dosage of 25 mg. of diethylear- 
bamazine per pound of body weight daily 
for three days has been suggested as the 
preventive dosage. However, it was not 
known whether diethylearbamazine de- 
stroyed the young worms in the intermedi- 
ate developmental location (submuscular 
membranes, subeutaneous fat, subserosa, or 
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muscles) and thus prevented migration of 
the worms to the heart. 

This report describes the results of a test 
conducted to determine if diethylearbama- 
zine would prevent the development of ex- 
perimental infection of D. immitis in dogs. 
It also describes the results of a smaller test 
conducted in a similar manner with the 
antimonial compound, sodium antimony 
III-biscatechol disulfonate,** and the ar- 
senical compound, dichlorophenarsine hy- 
drochloride (Filarsen, research). 


Materials and Methods 


Pups whelped during the winter were sent, be 
fore the advent of the mosquito season, to a non- 
enzootic area in the mountains approximately 1,200 
meters above sea level and about 100 miles from 
Tokyo. This is the area where test dogs 
were kept for previous work with antimony.’ 
Approximately 70 houses are well isolated from 
other villages. Prior to taking the pups to the 
seleeted area, all dogs in the village were exam- 
ined for microfilaria and none was found to be 
infected. 

Pupae of Aedes togoi, a suitable intermediate 
host for D. immitis, were collected, raised in the 
laboratory, and the emerging adult mosquitoes al- 
lowed to feed on a known infected dog. The mos- 
quitoes were then transported to the experimental 
area where the infective larvae were dissected from 
the mosquitoes and injected subcutaneously 
the test dogs. 


same 


into 


Since the worms first appear in the heart about 
85 days postinfection and the migration appears 
to be completed within 120 days postinfection,* 
therapy (Table 1) was initiated before 60 days 
postinfection and the dogs were necropsie* 
than 120 days postinfection. 

The total dosage (500 mg./Ib. of body weight) 
of diethylearbamazine in group D was 10 times 
that of group B and C (50 mg./lb. of body weight) 
and, even though effective, was admittedly unsuit 
able for practical use. The objective with group D 
determine whether further studies would 
be needed in the event of failure with groups 
3 and C. Group A dogs served as contrels. 

Dichlorophenarsine hydrochloride, given daily as 
an injection of 1.0 mg. of As per kilogram of body 


not less 


was to 


** Stibophen 
York, N.Y. 


produced by Winthrop-Stearns, Inc., New 
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TABLE 1—Mode of Treatment for the Control of Dirofilaria immitis in Dogs 


No. of 
Group dogs Treatment 
A 4 Control 


B-1 4 One month after experimental infection, treated with 25 mg. or ge tablet of diethyl 
carbamazine per pound of body weight, as a single oral dose for two consecutive days. 


One month after experimental infection, treated with diethylcarbamazine, 25 mg./Ib., 
as a single injection of 0.125 cc./lb. of the 20% solution for two consecutive days 


Two months after experimental infection, treated with 25 mg. or Ug tablet of diethyl- 
carbamazine per pound of body weight as a single oral dose for two consecutive days. 


Two months after experimental infection, treated with diethylcarbamazine, 25 mg./Ib., 
as a single injection of 0.125 cc./Ib. of the 20% solution for two consecutive days. 


Dog 18 treated one day and dog 19 treated three days after experimental infection 
Given diethylearbamazine, 100 mg./lb., as an injection of 0.5 cc./lb. of the 20% 
solution, divided into three doses daily for five consecutive days 


One month after the experimental infection, treated with diethylcarbamazine, 100 
mg./lIb., as an injection of 0.5 cc./lb. of the 20% solution divided into three doses 
daily for five consecutive days. 

Two months after the experimental infection, treated with diethylearbamazine, 100 
mg./lb., as an injection of 0.5 cc./Ib. of the 20% solution divided into three doses 
daily for five consecutive days. 

Two months after the experimental infection, treated with dichlorophenarsine hydro 
chloride, 1 mg. As per kilogram of body weight or 2.2 mg. As per pound of body 
weight, as a single injection for five consecutive days. 

Two monthe after the experimental infection, treated with sodium antimony-III-bis- 
catechol disulfonate, 1.5 mg. Sb per kilogram of body weight or 3.3 mg. Sb per pound 
of body weight, as a single injection for five consecutive days. 


TABLE 2—The Results of Prophylactic Treatment of Experimental Infection of Dirofilaria 
immitis in Dogs 


Worms found in the heart and pulmonary artery 


. Male worms Female worms 
Infective Days from = 
larvae in- infection Length (cm.) Length (cm.) Percentage 
Group No oculated to necropsy Total Total Min.—Max. ( Av.) Total Min.—Max. (Av.) infection 


162 129 9.8-11.9 (10.9) 6 8.3-12.1 (10.6) 9 
152 11.9-14.5 (13.0) 10 14.7-—20.2 (17.2 9 


11.4-17.3 (13.4) 22 9.1-17.8 (15.3) 


ona 


5.5—-19.5 (17.7) 
.8-19.5 (16.4) 
8—11.2 (10.4) 


10. 
10 
11.9—-16.0 (13.9) 
9.1—-11.4 (10.3) 


te 


(19.0) 
(16.0) 
(17.6) 
(14.9) 


& 


a 


10.3-10.8 (10.5) 


D-2 2 
D-3 2 
E 2 
F 2 
A 2 | 
20.0 
\ 3 80 1 
A 4 51 1 1 14.8 a ween 2.0) 
B-i 5 95 0 0.0) 
B-1 6 65 3 2 12.9-13.6 (13.3) 1 12.2 4.6} 
$24.1) 
B-1 7 68 153 18 6 11,.2-13.7 (13.0) iz 1 26.5 | 
B-1 x 81 153 53 31 10.0—16.0 (13.7 22 65.4} >18.9 
B-2 9 61 123 x 4 10.2-12.2 (10.8) 4 13.1) | 
8.4) 
B-2 10 56 153 2 ; 2 16.8-17.4 (17.1) 3.6 
0-1 11 61 130 12 6 7.5-12.0 (10.2) 6 7.2-12.7 (11.5) 19.7) 
C-1 12 109 134 ‘0 4 9.2—-10.4 ( 9.9) 6 8.5-12.6 (10.8) 9.2] 
417.8 
C-1 13 60 160 20 1 12.8-16.2 (14.9) 17.7-21.6 (19.4) 33.3 } 
0-1 14 79 162 7 9.3-17.3 (13.3) 8.9 (26.4 
C-2 15 78 162 33 13.7-21 42.3) | 
C-2 16 111 162 31 12.7-18 27.9437.7 
17 79 165 34 15.2-—20 43.0) 
D-1 18 72 135 7 13.8-15 9.77 
+ 7.5 
D-1 19 58 153 3 2 Pe 1 15.2 5.2] 
D-2 20 61 135 2 1 9.8 1 11.7 3.3) 
+ 1.7 
D-2 21 78 135 0 = 0.0} 
D-3 22 108 134 4 2 11.1 : 3.7) 
> 2.7 
D-3 23 107 134 1 1 10.7 0.9 
E 24 47 135 1 1 10.1 2.1) 
1.1 
E 25 80 135 0 00 
F 26 66 135 0 - 0.0) 
0.7 
F 27 77 135 1 1 11.9 1.3 
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weight for five consecutive days to dogs in group 
E, had been shown previously to destroy all worms 
in the heart and pulmonary artery. 

Sodiam antimony was given to dogs in group F. 
As reported previously,’ the microfilaricidal dose 
of 1.5 mg. of Sb per kilogram of body weight was 
injected daily for five consecutive days. Since 
previous work proved that approximately twice the 
microfilaricidal dose of antimony had successfully 
prevented the development of worms,’ a reduced 
microfilaricidal dose ef antimony was tested in the 
present experiment. 

At necropsy, the heart and pulmonary artery 
were carefully examined for worms to determine 
if the development of the artificially introduced 
worms and their resultant migration to the heart 
were successfully prevented in any of the test 
groups. 


Results and Discussion 


Although Dipetalonema reconditum and 
Dirofilaria repens are not found in Japan, 
the microfilariae from the dog used as the 
source of infection were carefully exam- 
ined and identified as those of Dirofilaria 
immitis ; 22 adult worms of D. immitis were 
found in the heart of the dog at necropsy. 

Infection was not completely prevented 
in dogs of any group (Table 2). All worms 
found were alive, and there was no signifi- 
cant reduction in size as a result of control- 
ling the infection period. Subcutaneous 
injections of a solution of diethylearbama- 
zine caused considerable pain in dogs of 
groups B-2, C-2, D-1, D-2, and D-3. Nausea 
and vomiting frequently occurred during 
the first 30 minutes after the injection of 
this solution in dogs of groups D-1, D-2, 
and D-3, but was not observed in dogs of 
groups B-2 and C-2. No other significant 
signs of toxicosis were observed. 

In our preceding work,’ twice the micro- 
filaricidal dose of sodium antimonyl pyro- 
gallol sulfonate used here destroyed young 
worms before they reached the heart. How- 
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ever, the microfilaricidal dose of the com. 
pound in this experiment did not destroy 
all of the young worms before they reached 
the heart. Neither diethylearbamazine nor 
the arsenical completely prevented the 
young worms from migrating to the heart. 
Apparently, there was no correlation be- 
tween the number of infective larvae inocu- 
lated and the number of worms found in the 
heart. No comparisons of effectiveness be- 
tween groups could be made, since the num- 
ber of test dogs was inadequate for this 
purpose. Therefore, the only conclusion at 
which we could safely arrive was that the 
therapeutic agents, diethylearbamazine, so- 
dium antimony-III-biscatechol disulfonate, 
and dichlorophenarsine hydrochloride are 
less effective for young worms in the inter- 
mediate developmental location than di- 
ethylearbamazine and antimonials are for 
microfilariae in the blood or arsenicals for 
worms in the heart and pulmonary artery. 
Under the conditions of the described 
method, no completely satisfactory and 
practical drug dosage destroyed young 
worms. Further investigations of chemo- 
therapeutic agents are desirable. 
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Studios Additional Super un Therapia Prophylactic Contra le Stadios 
Evolutive de Dirofilaria immitis Ante le Arrivata in le Corde Canin 


Tres agentes—diethylearbamazina, le 


antimonial 


disulfonato antimonio-III-biseatecholic 


a natrium, e le arsenical hydrochloruro de dichlorophenarsina—esseva testate pro lor capaci 
tate de destruer vermes de Dirofilaria immitis in lor location de disveloppamento intermediari 


ante lor arrivata in le corde. 
satisfactori o practice in le dosages testate. 


Como prophylacticos nulle del compositos esseva completemente 


Use of Cell Culture-Adapted Canine Distemper 
Virus in the Complement-Fixation Test 


David T. Karzon, M.D.; James H. Gillespie, V.M.D.; Robert H. Bussell, Ph.D. 


SUMMARY 


A complement-fixing (CF) antigen was 
readily prepared from the Onderstepoort 
strain of canine distemper virus (CDV) 
which had been adapted to chicken em- 
bryo fibroblast cell culture. The CF 
system presented no difficulty with anti- 
complementary effect or nonspecific fixa- 
tion. The antigen did not cross-react with 
rabies, Leptospira canicola, or infectious 
canine hepatitis-immune serums. After 
CDV immunization or infection, CF anti- 
body rose regularly within two to four 
weeks, paralleling the rise in neutralizing 
antibody. There was a dichotomy in the 
persistence of the two antibodies. While 
neutralizing antibody titers remained ele- 
vated or fell slightly over a 6- to 12-month 
period, the CF antibody dropped to un- 
detectable levels within two to four 
months after primary infection. 


INTRODUCTION 


The adaptation of canine distemper virus 
to whole chicken embryo fibroblast cell cul- 
ture, with the production of specific cyto- 
pathie effects,5 has provided a source of 
virus which is high in titer and relatively 
free of host tissue. Complement-fixing (CF) 
antigen is readily produced in this system, 
and this furnished the basis for the devel- 
opment of a test for cr antibody described 
in the present report. A study of cr anti- 
body response in dogs following vaccina- 
tion and experimental infection will also 
be presented. 
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Materials and Methods 


Virus.—The Onderstepoort strain of canine dis- 
temper (cpv) which had been adapted to 
chicken fibroblast cell culture used 
for preparation of the cr antigen.’ The virus had 
been through 208 passages on the chorioallantoic 
membrane (CAM) of the chicken embryo and 61 to 
62 passages in chicken embryo fibroblasts. The 
following three strains of cpv were used for vae- 
cination: (1) live virus canine distemper vaccine 
strain,* (2) live virulent Snyder Hill strain in the 
form of 10% infected dog spleen, and (3) for 
malin-inactivated virus** prepared from dog spleen. 


virus 


embryo was 


Neutralization Tests.—Serum neutralization tests” 
were performed using the inhibition of specific 
lesions on the CAM inoculated by the method of 
Gorham.* Neutralization end points are expressed 
as logw of the reciprocal of the 50% serum dilution. 


Cell Culture—Chicken fibroblast cell 
eultures were prepared as a trypsinized cell sus- 
pension, grown in a medium of 0.25% lactalbumin 
hydrolyzate and 4% calf serum in Hanks’ balanced 
salt solution. Cells were maintained in 50% bovine 
amniotic fluid, 2% ealf serum in Earle’s saline 
solution. The details have been described in prior 
publications." 


embryo 


Preparation of antigen.—Chicken embryo fibro- 
blast monolayers, prepared in 4-oz. prescription 
bottles, were inoculated with 0.5 ml. of undiluted 
cov stock. Cytopathie effects were visible by the 
second day, and cell destruction was far advanced 
on the third day. The cultures were then placed 
in a mechanical freezer at —70C., thawed, and the 
cells then seraped from the glass. Adequate cr 
antigen titers were obtained when cultures were 
harvested between the third and sixth days, and 
were maximal when almost the entire cell popula 
tion was involved. The erude whole suspension 
thus obtained was used for cr antigen. Similarly 
treated chicken embryo cell culture preparations 
which had not been inoculated, or had been inoeu 
lated with normal chicken embryo tissue, served 
as control antigen for the cr tests. 

Complement-Fixration (cr) Test. 
used for the cr test 


The technique 
modification of that 
influenza The modification 
consisted of changes in temperature of heat inacti- 


was a 
for virus.* 
vation of serum and volume of reacting mixture, 


as noted later. All serums were heated at 60C. for 


* Lederle Laboratories, Pearl River, N.Y. 
* Virogen, produced by Pitman-Moore Co.., 
Ind. 


Indianapolis, 
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TABLE i—Canine Distemper Virus Complement-Fixation, Box Titration 


CDV immune 
Antigens Dilutions* 
Canine 


distemper 
virus 


6 
8 


10 


Tissue 
culture 
control 


Serum 
control 


Dog serum dilutions* 


Controls 
Complement 
Normal (units) 
Antigen 


0 


0 


* Reciprocal of serum or antigen dilutions. ** 4 = complete fixation. 


30 minutes. A preliminary titration of commercial 
guinea pig complement* was performed in the 
presence of antigen, and two units of complement 
were employed. The diluent was 0.15 M NaCl solu- 
tion, containing 0.0002 M Ca** and 0.0004 M Mg.** 
One-tenth milliliter of serum, 0.1 ml. of antigen 
(2 units), and 0.1 ml. of complement were inecu- 
bated together at 4C. for 18 hours, followed by 
ten minutes at 37C., prior to addition of 0.2 ml. 
of 1% sensitized sheep cells. Following this, the 
tubes were maintained at 37C. and the readings 
were made at 30 minutes. The final volume was 
0.5 ml. The sheep cells were sensitized by treat- 
ment for ten minutes at room temperature with 
an equal volume of rabbit hemolysin containing 
two hemolytic units. 

Antibody titers are expressed throughout the 
paper as the reciprocal of the serum dilution. Se- 
rum titers of less than 4 or, in some instances. less 
than 2, which were the lowest dilutions tested, 
were considered to represent nondetectable levels 
in the present study. 


Results 
Properties of CF Antigen—The ervde 
whole suspension of chicken embryo fibro- 


* Carworth Farms, New City, Rockland County, N.Y. 


blast cell culture inoculated with cpv, as 
described, had an infectivity titer of ap- 
proximately 7x 10° plaque-forming units 
per milliliter and a cr antigen titer of 4 to 
8. No difficulty was encountered with anti- 
complementary activity or nonspecific fixa- 
tion using viral or control antigens. A typi- 
cal box titration, including specific cov and 
control tissue culture antigens, is shown 
(Table 1). The cr antigen was stored at 
—70 C., without significant loss of titer. for 
at least 444 months. The antigen was rela- 
tively heat labile, being inactivated com- 
pletely at 56 C. for 30 minutes and losing 
approximately half its titer when held at 
37 C. for six hours. 

Complement-Fizing Antibody Responsé 
in CDV-Infected and Immunized Dogs.- 
Dogs appreximately 12 to 16 weeks of age 
and free of crv neutralizing antibody were 
used. Three groups of dogs, representing 
three types of cDv immunization or infee- 
tion, were studied: In group 1, 5 dogs were 
given a single dose of the chicken-embryo 
strain, 1.0 ml. subcutaneously. All dogs 
remained well. In group 2, 2 dogs were 


TABLE 2—Immunization with Chicken Embryo Adapted Canine Distemper Virus*—Group 1 


Complement-fixation ** 
Days Dogs: 680 689 690 691 


1 
4 
* Lederle Laboratories, Pearl River, N.Y. 


50% serum dilution. 


* Expressed 
(....) in the table represent intervals in which no samples were tested 


Neutralization ¢ 
680 689 690 


682 
0.7 


3.6 


3 
2.8 3.1 


2.5 2.9 2.9 


reciprocal of serum dilution. All leaders 
+ Expressed as log,) of reciprocal of 


as 


3 l ( a 0 0 } 4 
| | 3 1 4 4 4 3 3 0 0 0 1 rl 
4 4 4 4 2 1 0 : 0 0 1 rl 
4 4 4 4 + 0 0 0 0 0 4 
4 4 4 2 0 0 0 * 0 0 0 3 
4 3 0 0 0 0 0 0 0 3 
a 2 0 0 0 0 0 0 0 0 0 0 0 0 3 
682 Dogs 
0 <4 <4 <4 0.5 <0.5 
23 16 5 3.3 3.3 
29 4 4 3.7 3.6 > 
34 4 16 3.4 . 3.7 
57-61 1 1 8 16 8 3.3 1.6 3.4 3.4 3.3 
85-89 4 4 8 8 8 3.3 3.3 3.3 3.3 
127-145 <4 <4 <4 3.3 3.4 
183 4 2.9 3.3 
420 <4 ee 2.4 2.6 
é 
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TABLE 3—Experimental Canine Distemper Virus Infection (Snyder Hill Strain)—Group 2 


Complement-fixation ** 


Days 342* 343* 


<4 


A 


wae @ 

ANA: 
DAP ODN 


< 


<4 
4 <4 <4 


Neutralization f 


Dogs: 342* 3462 


<0. 


we 


3 
3.i 
3. 
2 


* Infected with canine distemper virus. ** Expressed as reciprocal of serum dilution. All leaders 
in the table represent intervals in which no samples were tested. + Expressed as log, of reciprocal of 5 


serum dilution. ft Exposed to infected dogs. 


given the Snyder Hill strain, 1.0 ml. intra- 
venously. Two dogs were housed with them 
to serve as contact controls. All 4 dogs 
became clinically ill. In group 3, 4 dogs 
were given three injections of formalin- 
inactivated dog spleen virus at biweekly 
intervals, and their immunity was chal- 
lenged 3144 months later with Snyder Hill 
virus. Groups 1 and 3 were maintained in 
isolation units throughout the course of the 
experiment. The dogs in group 2 were 
maintained in isolation for six months and 
thereafter kept in a barn where complete 
isolation technique was impractical. 

The 5 dogs in group 1, given the live 
virus vaccine, developed cr antibody by 
the 23rd to the 29th day (Table 2). The 
cF antibody decreased to nondetectable 
levels within three months and remained 


at this level during the two-year duration 
of the experiment. The neutralizing anti- 
body response reached peak titers within 
the first month and decreased somewhat 
over the ensuing two years. 

The antibody response of the 2 dogs in 
group 2 infected with virulent Snyder Hill 
virus, as well as 2 exposed littermates, is 
shown (Table 3). All 4 dogs developed a 
cF antibody titer which subsequently de- 
creased to less than 4 by five months. Three 
dogs had a second rise in cF antibody to- 
ward the end of the first year, at a time 
when they were housed outside the isola- 
tion area. The latter cr responses were not 
accompanied by known illness, but there 
was a slight rise of neutralizing antibody 
at this time as well. 

The cr antibody response (group 3) fol- 


TABLE 4—Immunization with Formalin-Inactivated Infected Dog Spleen* and Challenge with 
Canine Distemper Virus (Snyder Hill Strain)—Group 3 


Complement-fixation ** 
739 

4 

32 

8 


4 
4 
> 
4 


64 
64 
64 
16 
16 
16 
16 


* Virogen, Pitman-Moore Co., Indianapolis, Ind. 


Neutralization f 


Dogs: 7: 73s 740 


** Expressed as reciprocal of serum dilution. All 


leaders (....) in the table represent intervals in which no samples were tested. * Expressed as logy of 
recivrocal of 50% serum dilution. t Immunity of dogs challenged with virulent cpy (strain Snyder Hill) 


on day 104. 


346t 
0 <4 | | <2 <2 <0.5 <0.5 <0.5 a5 
0.7 <0.5 <0.5 <0.5 
1.6 <0.5 <0.5 
3.0 2.2 7 1.1 
3.0 By 9 8.4 
2.9 2.7 9 2.9 
2.7 2.9 9 3.0 
2.4 2.9 9 2.9 
2.4 2.9 8 2.9 
310 16 <4 8 ee 3.4 3.4 3.0 : 
429 osus . 16 <4 2.7 3.7 3 2.9 
551 2.7 2.6 3.0 
Days Dogs: 738 742 CC 742 
0 1 <4 <0.5 0.5 0.5 <0.5 
14 <4 + 1.2 0.9 1.4 0.6 
29 16 16 1.8 2.5 2.2 1.4 
49 8 8 1.0 2.4 1.5 1.5 
61 4 1.6 
75 <4 | <4 2 1.1 0.9 
1041 4 <3 <4 <4 0.5 0.5 0.5 <0.5 
106 4 < <4 <0.5 0.5 0.5 <0.5 
108 <4 16 2.4 1.8 2.4 2.4 
110 32 1.4 3.0 4.6 
112 128 128 5.6 4.6 5.2 5.3 
115 128 5.0 6.0 6.0 5.0 
118 64 128 ° 6.8 5.0 5.4 5.4 
132 32 64 64 6.4 5.5 5.2 6.5 
193 32 32 64 6.0 5.5 6.4 6.4 
285 16 16 82 5.0 6.7 6.5 5.2 
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lowing inoculation with inactivated cpv of 
spleen origin was prompt, being detectable 
in 2 dogs by the 14th day (Table 4). How- 
ever, the cr titers decreased rapidly and 
were not detectable at 244 months. At 31% 
months, the immunity of these dogs was 
challenged with Snyder Hill virus. They 
had a febrile response only, and did not 
develop the classical clinical signs of dis- 
temper. Within four to eight days, all ani- 
mals developed unusually high titers (64 
to 128) of cr antibody. The titers decreased, 
but remained at detectable levels for the 
ensuing seven months of observation. In 
this group of dogs, there was only a modest 
neutralizing antibody response (1.6 to 2.5 
log) to the initial immunization, but a 
rapid and exaggerated response (6.5 to 
6.8 log) to Snyder Hill challenge. 

Complement Fixation Antibody in Ran- 
dom Street Dogs.—Twenty-nine dogs of 
various ages and backgrounds were studied 
for neutralizing and cr antibody. Of 23 
dogs with neutralizing antibody, 15 had 
cF antibody in titers of 4 to 32, while 8 did 
not have cr antibody at a dilution of 4. The 
6 dogs without neutralizing antibody also 
had no cF antibody. 

Specificity of CDV CF Test.—Dogs im- 
munized against three unrelated infectious 
agents were tested for the development of 
cDvV cF antibody. Dogs immunized against 
rabies (chicken embryo adapted Flury 
strain), Leptospira canicola (maintained 
in hamsters), and infectious canine hepa- 
titis (Cornell strain 1) did not acquire 
cDv CF antibody. 


Discussion 


In the past, cov cz: antigens have been 
prepared using aqueous ® or benzene ® ex- 
tracts from infected ferret or dog tissues. 
The difficulties of this system, studied in 
detail by Mansi,® included nonspecific fixa- 
tion by normal tissue and a variable pro- 


complementary effect of distemper and 
control antigens. Distemper virus strains 
adapted to the chicken embryo failed to 
yield cr antigen in extracts of cam, yolk 
sae, or embryo. However, a suitable anti- 
gen could be produced from infected cam 
by sonie disruption.? In contrast, the pres- 
ent chicken embryo fibroblast cell culture 
antigen was readily prepared without spe- 
cial techniques. It was used in a dilution 
of 1:2 or 1:3 of crude tissue culture fluid, 
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and articomplementary activity was not a 
problera. Normal dog serums in the pres- 
ence of cpv antigen or tissue culture control 
antigen did not fix complement nonspecifi- 
cally. Canine antiserums prepared against 
L. canicola, rabies, and infectious canine 
hepatitis did not react with cpv cr antigen 
Complement-fixation antibody developed 
regularly two to four weeks following im- 
munization or experimental infection, par- 
alleling the rise in neutralizing antibody. 
However, the cr antibody persisted for only 
two to four months in all groups. This 
affirms the data obtained with other dis- 
temper cF systems.® Reinoculation of dogs 
originally given inactivated virus and sub- 
sequently having lost all measurable 
amounts of cF or neutralizing antibody 
(group 3) produced a typical secondary 
or anamnestic response. Within a brief 
period of four days an unusually high cr 
and neutralizing antibody response oc- 
curred, and the cr titers remained elevated 
for the ensuing seven months. Three dogs 
with experimental Snyder Hill virus infee- 
tion (group 2) had a secondary rise in CF 
antibody long after the primary infection. 
There was also a slight elevation of neu- 
tralizing antibody titer in some of the dogs 
at this time. This raises the question of a 
possible unrecognized reinfection with cpv, 
but no information is available on this point 
from these experiments. Simultaneous 
study of the cr and neutralizing antibodies 
may contribute to knowledge of the role of 
repeated exposure to infection in the main- 
tenance of cpv neutralizing antibody and 
resistance to the naturally oceurring clini- 
cal disease. The 29 street dogs selected at 
random represented three possible combi- 
nations of the two antibodies. Fifteen dogs 
had neutralizing and cr antibody, which 
may be interpreted as indicating recent in- 
fection or immunization. Eight dogs with 
neutralizing but no cF antibody may repre- 
sent remote infection. In 6 dogs in which 
both antibodies were absent, there was no 
evidence of previous cpv infection. 
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SUMMARIO IN INTERLINGUA 


Le Uso de Cytoculturalmente Adaptate Virus de Maladia de 
Can in le Test a Fixation de Compiemento 


Un antigeno complemento-fixante (CF) esseva prestemente preparate ab le racia Onder 
stepoort del virus de maladia de can (VMC) que habeva essite adaptate a un cytocultura de 
fibroblastos de embryon de gallina. Le systema CF presentava nulle difficultate per effectos 
anti-complementari o per fixation non-specific. Le antigeno non entrava in reaction cruciate con 
ravie, Leptospira canicola, o seros immun pro infectiose hepatitis canin. Post immunisation o 
infection a VMC, le anticorpore CF montava regularmente intra duo a quatro septimanas, in 
parallela al augmento del neutralisante anticorpore. Esseva observate un dichotomia in le 
persistentia del duo anticorpores. Durante que le titros de neutralisante anticorpore remaneva 
elevate o declinava levemente in le curso de un periodo de 6 a 12 menses, le anticorpore CF 
declinava usque a non-detegibile nivellos intra duo a quatro menses post le infection primari. 


A Technique for Concentrating Mycobacterium 
paratuberculosis Present in Intestinal Mucosa 


Aubrey B. Larzen, D.V.M., M.S., and Richard S. Merkal, B.S. 


SUMMARY AND CONCLUSIONS 


The efficacy of sodium hydroxide, 
papain, trypsin, and pepsin for separating 
Mycobacterium paratuberculosis, the caus- 
ative agent of Johne's disease, from in- 
testinal tissue was studied. 

The best results were obtained with 
trypsin digestion, which provided a rapid 
practical method of decreasing the vol- 
ume of tissue containing small numbers 
of bacilli. Obviously, such a concentra- 
tion of bacilli facilitated the demonstra- 
tion of Myco. paratuberculosis in speci- 
mens from suspect animals. 


INTRODUCTION 


The causative agent of Johne’s disease, 
Mycobacterium paratuberculosis, is often 
difficult to identify in stained smears pre- 
pared from intestinal mucosae of suspect 
animals. Laboratory diagnostic methods are 
needed that will increase the chances of 
finding the bacillus when it occurs in small 
numbers in specimens. 

Methods have been described for concen- 
trating Mycobacterium tuberculosis when 
it is present in sputum, aspirated gastric 
contents, and urine. Generally, the meth- 
ods use enzymes ?:*!° or alkalies 47:9 for 
digesting the mucus and tissue. The bacilli 
are then concentrated by centrifugation. 

In preparing lepromin, Lew et al. > § used 
0.5% trypsin solution for digesting tissue 
containing Mycobacterium leprae. This 
method facilitated the detection of bacilli 
when the diagnosis of leprosy was doubtful. 
Khanolkar and Rajalakshmi ® used a pctro- 
leum ether flotation procedure for concen- 
trating Myco. leprae. Dharmendra and 
Mukherjee! extracted Myco. leprae from 
minced tissue by using chloroform. 

Our laboratory studies showed that di- 
gesting intestinal mucosa with 0.5% tryp- 
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sin solution for one hour at 22 C. facilitated 
the concentration of Myco. paratubercu- 
losis for use in cultural techniques. Be- 
cause of these results and the proved value 
of digestion methods in diagnosing tuber- 
culosis and leprosy, various digestion tech- 
niques were studied. The best method was 
selected. Comparative studies were made 
on microseopie detection of Myco. paratu- 
berculosis in undigested and digested intes- 
tinal mucosa. These studies were accom- 
plished by using normal intestinal mucosa 
with added bacilli, intestinal mucosa from 
an ox infected with Johne’s disease, and 
intestinal specimens from suspect animals. 


Materials and Methods 

The Ziehl-Neelsen staining procedure, described 
by Kolmer et al.,* was used throughout the experi- 
ments. One hundred fields on each preparation 
were examined under oil immersion. 

Intestinal mucosa was scraped from the cecum 
of a healthy bovine animal, thoroughly mixed,* 
and examined for acid-fast bacilli. 
were found, the material was used as a 
in experiments 2 and 3. 

Intestinal from an ox infected with 
Myco. paratuberculosis was similarly treated and 
examined. A few typical acid-fast bacilli 
found in most fields, and this tissue was used in 
experiments 1 and 3. 

A stock culture of Myco. paratuberculosis strain 
18 was used in experiment 2. 

The following solutions were prepared, using 
distilled water: (1) a 0.5% solution of trypsin 
(1-110 Pfanstiehl) ; (2) a pepsin solution consist 
ing of 1 Gm. of pepsin powder N.F. (Fisher) and 
0.15 ml. concentrated HCl in 100 ml. of water; 
(3) a 1.0% solution of papain (Difeo); and (4 
a 4.0% solution of NaOH. 

Experiment 1.—In a preliminary trial, infected 
intestinal mucosa diluted 1:125 with normal mu- 
cosa was tested in 2-ml. portions as follows: Por- 
tion 1 was mixed with 100 ml. of trypsin solution, 
adjusted to pH 9 with NaOH solution, and stirred 
for one hour at 22C. 2 


Since none 


diluent 
mucosa 


were 


Portion 2 was mixed with 
100 ml. of pepsin solution and stirred for four 
hours at 38 C.* Portion 3 was placed in 50 ml. of 

*In a Mickle machine, manufactured by H. Mickle, 
Gomshall, Surrey, England, and sold in the United States 
by Brinkman, Great Neck, New York. This machine 
mixes by shaking the materials 60 times per second in a 
container with glass beads. 
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solution and stirred for 15 minutes at 
38C. Portion 4 was mixed with 100 ml. of 4% 
NaOH solution,‘ stirred for 22 C. 
and then neutralized with HCl. 

All four specimens were centrifuged for one 
hour at 2,000 r.p.m. (1,300g). The supernatant 
fluid was discarded, and two smears prepared from 
each sediment were stained and examined. 

Experiment 2.—Eighty milligrams of moist 
Myco. paratuberculosis was added to 4 Gm. of 
normal intestinal mucosa to make a concentration 
of bacilli of 1:50. The mixing machine dispersed 
the bacilli throughout the mucosa. One gram of 
the mixed material was added to 3 Gm. of normal 
mucosal serapings and mixed in the machine. 
Serial dilutions made in this fashion until 
the following concentrations or proportions of 
Myco. paratuberculosis to diluent were obtained: 
1:200, 1:800, 1:3,200, 1:12,800, 1:51,200, and 
1: 204,800. Two smears were prepared from each 
dilution for controls. The remaining 3 Gm. of each 
dilution of bacilli with mucosa mixed with 
150 ml. of the trypsin solution, adjusted to pH 9, 
and stirred on a magnetic stirrer for one hour. 
The mixture was then centrifuged for one hour 
at 2,000 r.p.m. (1,300g.), the supernatant fluid 
was discarded, and two smears were prepared and 
examined from each sediment. 

Experiment 3.—One Gm. of infected intestinal 
scrapings was added to 1 Gm. of normal mucosa 
and machine-mixed. Serial dilutions were made 
from this material until the following concentra- 
tions were obtained: 1:2, 1:4, 1:8, 1:16, 1:32, 
1:64, 1:128, 1: 256, and 1:512. Two smears were 
prepared from each dilution for controls. The re- 
mainder of each concentration mixed with 
trypsin solution, digested, and centrifuged as pre- 
viously described. Two smears were prepared and 
examined from each sediment. 

Experiment 4—Forty intestinal specimens from 
animals in infected herds were first examined by 
the following routine diagnostic method: Two 
smears prepared from the ileocecal valve, 
two from the cecum (each about 6 inches on either 
side of the valve), and one from a lymph gland 
adjacent to the valve. These smears were stained, 
and 60 fields were examined on each slide. 

For the digestion procedure, 1 Gm. of mucosa 
was removed from the ileocecal valve and digested 
in 50 ml. of trypsin solution. The remaining pro- 
cedure Was identical to that of the previous ex- 
periments. Two smears prepared and ex- 
amined from each sediment. 


papain 


one hour at 


were 


was 


was 


were 


were 


Results 


Experiment 1.—Several methods of di- 
gesting intestinal mucosa were compared 


to determine the best method of demon- 
strating Myco. paratuberculosis (Table 1). 
Trypsin and sodium hydroxide were su- 
perior to pepsin and papain as digestion 
agents. The sediment from trypsin diges- 


CONCENTRATING MYCOBACTERIUM PARATUBERCULOSIS 


TABLE 1—A Comparison of Four Agents Used to 
Digest Intestinal Scrapings Containing Mycobac- 
terium paratuberculosis 


ToL No. of fields contain- 
ing acid-fast bacilli* 


30 
25 
4 
0 
4 


No. of 


Agent used slides 


Trypsin 

Sodium hydroxide 
Pepsin 

Pavain 

Undigested mucosa 


to 


* 100 fields were examined on each slide. 


tion was creamier than that from sodium 
hydroxide, and more uniform smears were 
obtained. This uniformity could account 
for trypsin producing slightly higher num- 
bers of positive fields than sodium hydrox- 
ide. .Also, since trypsin digestion did not 
require washing or neutralization, it was 
studied further in experiments 2, 3, and 4. 

Experiment 2.—Mycabacterium paratu- 
berculosis bacilli had be.n added to normal 
intestinal mucosa, and comparisons were 
made of the concentrations (Tabie 2). 
When the concentration of bacilli was 1: 
3,200 or less, they could be demonstrated 
more readily in smears prepared from the 
trypsin-digested material than in those 
from the undigested mucosa. 


TABLE 2—The Effect of Trypsin Digestion on the 
Demonstration of Mycobacterium paratuberculosis 
in Intestinal Mucosa to Which Bacilli Were Added 


positive fields 
in 200 examined 
Digested 
scrapings 


Dilution of the bacilli Undigested 
in normal scrapings scrapings 
:50 200 Not examined 
: 200 95 Not examined 
: 800 25 156 
: 3,200 6 144 
:12,800 0 25 
51,200 1 2 
: 204,800 0 0 


TABLE 3—The Effect of Trypsin Digestion on the 
Demonstration of Mycobacterium paratuberculosis 
in Infected Intestinal Mucosa 


No. of positive fields 
in 200 examined 


Undigested 
scrapings 


Dilutions of 
infected 
scrapings 


Digested 
scrapings 


Not examined 

116 

121 

156 

63 

88 

57 

6 

5 
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— 
1 188 
1 59 
1 87 
] 6 26 
2 13 
1 4 8 
I 28 1 
1: 956 1 
1 12 0 
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TABLE 4—Comparative Diagnosis of Intestinal 
Specimens from Cattle Suspected of Harboring 
Mycobacterium paratuberculosis 


Results of routine 
laboratory exami- 
nation (No. of posi- 
tive fields* ) 


No. of positive fields 
found in trypsin- 
digested materials* * 

25 0 0 
12 0 1 to 31 
3 lio2 4tol4 


* 300 fields examined, ** 200 fields examined. 


No. of 
specimens 


Experiment 3—Normal mucosa had been 
diluted with infected mucosa. When the 
concentration of infected mucosa was 1:4 
or less, the bacilli were found more readily 
in smears from the digested material than 
in those from the undigested mucosa (Table 
3). When the concentration of infected 
mucosa was 1:512, the bacilli were found 
only in the digested material. 

Experiment 4.—Two methods of exami- 
nation were compared on 40 intestinal 
specimens from animals in infected herds 
(Table 4). In 25 specimens, no bacilli were 
found by either method. In 12 specimens, 
no bacilli were found in the undigested 
specimens, but they were in smears pre- 
pared from the digested material. In three 
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specimens, the bacilli were found by both 
methods. 
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A Method 
Biopsies 
(1952) 


Spaulding, E. H., and Robinson, 
Appleton-Cen- 


Un Technica pro Concentrar le Mycobacterium paratuberculosis 


Que Es Presente in Mucosa Intestinal 


Esseva studiate le efficacia de hydroxydo de natrium, de papaina, de trypsina, e de pepsina 
in le separation de Mycobacterium paratuberculosis (le agente etiologic de morbo de Johne) 


ab tissus intestinal. 


Le melior resultatos esseva obtenite per medio de digestion a trypsina. 


Iste agente provideva un rapide methodo practic pro reducer le volumine de tissu continente 


un micre numero de bacillos. 


Obviemente, un tal concentration facilitava le demonstration de 


Myco, paratuberculosis in specimens ab animales suspecte. 


Association Among Members of the Genus Metastrongylus 
Molin, 1861 (Nematoda : Metastrongylidae) 


8S. A. Ewing, D.V.M., M.S., and A, C. Todd, Ph.D. 


SUMMARY AND CONCLUSIONS 


Three experiments were conducted to 
prove an apparent association phenome- 
non between Metastrongylus apri and 
Metastrongylus pudendotectus previously 
reported by the writers as an observation 
in natural lungworm populations. Three 
different sizes (100, 400, and 6,000 lar- 
vae) of inoculums were used singly and 
in combination (i.e., M. apri alone, M. 
pudendotectus alone, and a combination of 
the two). In single species exposures, 
worms were not recovered unless the 
number of larvae given exceeded 400, 
but in dual exposures, as few as 100 
larvae were sufficient to produce infec- 
tions. The percentage of the inoculum 
recovered as adults in the dual exposures, 
when 6,000 larvae were given, was over- 
whelming as compared with the single 
exposures. Furthermore, maturation of 
the worms was hastened in the dual ex- 
posures. Metastrongylus pudendotectus is 
less able than M. apri to successfully 
parasitize swine when present alone, as 
indicated by the small percentage of the 
inoculums recovered and the relatively 
smaller size of the parasites. No basis for 
an explanation of the phenomenon was 
apparent from these experiments. The 
association apparently is not obligatory 
but is certainly advantageous to both 
species. 


INTRODUCTION 


In a recent survey, the species and sex 
ratios of metastrongyles in naturally in- 
fected swine were determined and an ap- 
parent ‘‘association’’ between M. apri and 
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M. pudendotectus was found. In 76% of 
animals examined, the two species were 
associated to the exclusion of the third 
species, Metastrongylus salmi, and in 11% 
all three species were present. Metastron- 
gylus apri and M. pudendotectus occurred 
as single species in only 11% and 1% of 
the cases, respectively.! 

A series of experiments was completed 
to determine whether the association found 
between M. apri and M. pudendotectus rep- 
resented a chance distribution or was char- 
acteristic of natural infections. 


Materials and Methods 


With one exception, swine used in these studies 
were farrowed in strict isolation by dams free of 
helminths, were weaned at 8 weeks of age, and 
were exposed subsequently to infective Metastron- 
gylus larvae. In the one case, weanling swine were 
purchased and maintained under circumstances ex- 
cluding possible accidental exposure to metastron- 
gyles. Feces from these latter animals were exam- 
ined daily for approximately one month before the 
animals were exposed to infective lungworm larvae. 
As an added assurance that they were lungworm- 
free, daily fecal examinations were continued until 
the first metastrongyle eggs were recovered 27 days 
postexposure, i.e., 54 days after confinement. 

Metastrongylus larvae to which swine were ex- 
were from laboratory-infected earthworms 
of the genus Eisenia, and all larvae used in a spe- 
cific experiment were approximately the same age. 
The eggs to which the earthworms were exposed 
came from lungworms collected 
infected swine. 

A 5-Gm. sugar flotation technique was utilized in 
recovery of eggs from the feces of experimental 
swine. All animals were killed at the end of the 
respective experiments, and necropsies were made 
immediately. Magnification was employed when 
examining the respiratory apparatus for helminths. 


posed 


from naturally 


Experimental Procedure and Results 

Experiment 1.—Pig 1 was given approx- 
imately 100 infective M. apri larvae; pig 2, 
an equivalent number of M. pudendotectus. 
Pigs 3, 4, and 5 were each given approxi- 
mately 50 M. apri and 50 M. pudendotectus. 
Thus, each of the 5 swine was exposed to 
approximately 100 third-stage Metastron- 
gylus larvae. 
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Transient coughs of mild intensity de- 
veloped in all 5 animals within a week 
following exposure. Daily fecal samples 
remained negative until 27 days postexpo- 
sure. Animals 4 and 5 both passed larvated 
metastrongyle eggs on the same day and 
erratic numbers of eggs persisted in the 
feces until slaughter. None of the remain- 
ing 3 animals was ever found to be shed. 
ding helminth eggs. 

Necropsy was made 35 days postexpo- 
sure. The number and sex distribution of 
the two helminth species recovered are 
shown (Table 1). The 3 swine given the 
dual exposure consisting of M. apri and 
M. pudendotectus harbored adult meta- 


S. A. Ewrne anp A. C. Topp 


Am. J. Vet. Res 
NOVEMBER, 1961 


nor 4 was found to be passing helminth 
eggs. 

Both swine given the dual exposure har- 
bored adult metastrongyles at slaughter, 
whereas none was recovered from the other 
2 animals which had been exposed to single 
species. Table 2 relates the magnitude of 
the infections as shown at necropsy 56 days 
postexposure. Areas of emphysema were 
observed in the diaphragmatic lobes of ani- 
mals 1 and 2; no gross lesions were ob- 
served in animals 3 and 4. 

Experiment 3.—Each of 6 littermate 
swine was exposed to approximately 6,000 
infective metastrongyle larvae but, by pairs 
of animals, three qualitatively different ex- 


TABLE 1—Summary of Helminths Recovered at Necropsy from Swine Experimentally Exposed 


Animal 
No. Exposure 


M. apri, only 


1 
2 M. pudendotectus, only 
3 


M. apriand M. pudendo- 
tectus (equal numbers) 


M. apri and M. pudendo- 
tectus (equal numbers) 


M. apri and M. pudendo- 
tectus (equal numbers) 


strongyles at slaughter, but none 
covered from the other 2 swine. 

Experiment 2—Four swine were each 
exposed to approximately 400 third-stage 
Metastrongylus larvae. Swine 1 and 2 were 
each given approximately 200 third-stage 
larvae of M. apri and an equal number of 
M. pudendotectus. Pig 3 was given approx- 
imately 400 M. pudendotectus; pig 4, an 
estimated equal dose of M. apri. 

At 29 days postexposure, swine 1 and 2 
began shedding Metastrongylus eggs. Sam- 
ples from these 2 animals remained positive 
until the time of slaughter. Neither pig 3 


was re- 


Metastrongylus apri 
Male 


to Approximately 100 Third-Stage Metastrongyle Larvae 


Metastrongylus 
pudendotectus 


Female Male Female 


posures were made. One pair (swine 5 and 
6) were given M. apri only; another pair 
(swine 3 and 4). M. pudendotectus only; 
and the remaining pair (swine 1 and 2), 
approximately equal numbers of both 
species. 

All 6 swine developed severe signs of 
respiratory distress within a week follow- 
ing exposure. Coughing was general in the 
group, and no particular animal had an 
exceptional degree of affliction. Coughing 
was easily elicited in all 6 animals by exer- 
cise until the time of slaughter. Termi- 
nally, the pair given the dual exposure 


TABLE 2—Summary of Helminths Recovered at Necropsy from Swine Experimentally Exposed 


Animal 
No. Exposure 


1 M. apri and M. pudendo 
tectus (equal numbers) 


M. apri and M. pudendo- 
tectus (equal numbers) 


M pudendotectus, only 
M. apri, only 


Metastrongylus apri 


Male 


to Approximately 400 Third-Stage Metastrongyle Larvae 


Metastrongylus 
pudendotectus 


Female Male Female Total 


Total 
19 8 12 47 3 
4 

23 8 11 5 47 

4 
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TABLE 3—Summary of Helminths Recovered at Necropsy from Swine Experimentally Exposed 
to Approximately 6,000 Third-Stage Metastrongyle Larvae 


Metastrongylus apri 


Male 


Animal 
No. Exposure 


M. apri and M. pudendo 


tectus (equal numbers) 686 


M.apri and M. pudendo 


tectus (equal numbers) 445 


M. pudendotectus, only 


M. pudendotectus, only 


M. apri, only 29 


M. apri, only 105 


* All sexually immature Many sexually 


(swine 1 and 2) had more protracted seiz- 
ures than either of the other two pairs. 

The first lungworm eggs were recovered 
30 days postexposure. Animals 1 and 2, 
exposed to both species, had positive fecal 
samples from 30 days postexposure daily 
to the time of slaughter. Terminally, 1 ani- 
mal (pig 5) of the pair given only M. apri 
larvae also was shedding small numbers of 
lungworm eggs. None of the remaining 3 
animals ever was found to be shedding hel- 
minth eggs. 

At necropsy 40 days postexposure, the 
were principally those of 
chronic pneumonia and emphysema. 
though emphysematous lesions were more 
pronounced in animals 1 and 2, chronic 
pneumonia appeared equally severe in all 
members of the group. Emphysema was 
moderate in 1 animal (pig 6) of the pair 
given M. apri; it was essentially absent 
from the other animal (pig 5) of the pair 
as well as from the pair exposed to M. 
pudendotectus. 

Table 3 details the helminth 
made at necropsy. 


gross lesions 


recoveries 


Discussion 


The 


lungworm 


population in 
Wisconsin swine can be described with con- 


natural 


siderable exactness. Goldsby and Todd ? 
reported a 56% prevalence of Metastron- 
gylus in market-weight swine examined at 
random in the years 1955 to 1956. These 
populations varied between 1 to 404 speci- 
mens and averaged 50.1. Ewing and Todd ! 
described the natural lungworm population 
found in 100 sets of swine lungs selected on 
the basis of presence of the parasites. In 
the latter study, 54.2 worms comprised the 
average population in the years 1958 to 
1959, a figure remarkably similar to that 
obtained in 1955 to 1956. 


Metastrongylus 
pudendotectus 


Female Male Female 


1,619 181 


Immature 


Because the lungworms had not been 
identified in the earlier survey,? the data 
were collected during the second survey.! 
It was found that the lungworm population 
in Wisconsin typically was comprised of 
two species, M. apri and M. pudendotectus. 
That is to say, the two species were associ- 
ated in 76% of the infections; in 11% of 
the infections, M. apri and M. pudendo- 
tectus were associated with M. salmi. On 
the other hand, populations consisted of a 
single species only in 13% of the infections. 
In populations of single species, M. apri 
occurred alone in 11%, M. pudendotectus 
in 1%, and M. salmi in 1%. 

The success of a parasite perhaps can be 
measured in several ways. A question con- 
cerning association of one species of para- 
site with others and its success in natural 
populations has received little previous 
attention. 

At least one survey, of natural helminthic 
infections in Tennessee chickens, described 
populations and arrayed the average popu- 
lation according to numbers of species pres- 
ent.4 The population of Ascaridia galli, for 
example, ranged from 4.6 worms when 
A. galli was the only helminth present, 
through 4.4, 4.9, 6.9, and 8.4 when one, 
two, three, or four other species were pres- 
ent. The progression is statistically improb- 
able. On the other hand, since the total 
helminth population increased numerically 
and improbably as the number of species 
comprising the population increased, the 
above figures may not necessarily reflect 
association among species; they may reflect 
sanitary conditions in a given poultry flock. 

The three laboratory experiments now 
reported appear to support an association 
among lungworm species, specifically M. 
apri and M. pudendotectus. In the first 
trial, adult parasites developed only in the 


Total 
26: 2,749 
2 
eS 882 58 96 1,481 
4 14” 18 
4 26° 34 
5 63** 92 
6 268** 373 
x 
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3 animals exposed to two species. The sec- 
ond trial confirmed the first trial in that 
adult parasites developed only in the 2 
animals exposed to two species. A variant 
was introduced into the second trial when 
total numbers of larvae used in exposure 
were increased from 100 to 400 larvae. 

It is considered that the third trial sup- 
ports the findings in the first two trials. 
While a single species of lungworm was 
able to develop in the 4 animals exposed to 
single species, the success of each species 
was significantly enhanced when it was 
associated at exposure with the second spe- 
cies (Table 3). Thirty-five per cent of the 
larvae developed to maturity in hosts given 
dual exposures; less than 1% of the larvae 
developed in pigs exposed to M. pudendo- 
tectus only, and none reached sexual ma- 
turity. Somewhat less than 4% of the lar- 
vae were able to develop in pigs exposed to 
M. apri only, and many of these had not 
achieved sexual maturity prior to necropsy. 

Schwartz and Alicata* observed a single 
ease in which Choerostrongylus pudendo- 
tectus (M. pudendotectus) developed in the 
absence of other species. In another in- 
stance, a single worm was recovered five 
days after exposure to a single species. 
They found that Metastrongylus elongatus 
(M. apri) developed to sexual maturity in 
the absence of other species. 

In the present trials, a single species was 
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unable to develop until the number of lar- 
vae used in exposure exceeded 400; actu- 
ally, 6,000 larvae were used. The number of 
larvae used in exposures by Schwartz and 
Alicata was not reported.’ 

The present third trial (Table 3) deals 
with an experimental lungworm popula- 
tion as is evidenced by comparison of worm 
numbers. In the natural infections encoun- 
tered in the second Wisconsin survey,' an 
average of only 34 M. apri, 23 M. pudendo- 
tectus, and 4 M. salmi were found. 

An explanation of an association between 
species of lungworms is not inherent in data 
obtained to this time. Certainly no sugges- 
tion is made that the association is obliga- 
tory and, clearly, success of lungworm spe- 
cies in parasitizing a host is related to total 
number of larvae at exposure. It does 
appear, however, that an association of 
the species is characteristic of natural 
infections. 
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Association Inter Membros del Genere Metastrongylus 
Molin, 1861 (Nematoda : Metastrongylidae ) 


Esseva conducite tres experimentos pro demonstrar le existentia de un phenomeno de 


association inter Metastrongylus apri e 


Metastrongylus pudendotectus. 


Iste phenomeno ha 


previemente essite reportate per le autores comos un observation in populationes natural de 


vermes pulmonar. Tres differente magnitudes de inoculo 


100, 400, e 6.000 larvas—esseva usate 


separatmente e in combination (i.e., M. apri sol, M. pudendotectus sol, e un combination de 


ambes). 


In expositiones a larvas de un sol specie, vermes non esseva retrovate si le inoculo 


non amontava a plus que 400 larvas, sed in expositiones combinate, jam 100 larvas sufficeva a 


producer infectiones. 


Le procentage del larvas del inoculo que esseva retrovate como vermes 


adulte post expositiones combinate esseva altissime in comparation illo post expositiones sepa 


rate in le easo ubi 


le inoculo consisteva de 6.000 larvas. 


In plus, le maturation del vermes 


esseva accelerate le expositiones combinate. M. pudendotectus es minus capace que M. apri : 


successosemente parasitar poreos quando illo sol es presente. 
procentage del inoeulo retrovate e le relativemente reducite dimensiones del parasitos. 
base pro un explication de iste phenomeno esseva apparente ab iste experimentos. Le 


miecre 
Null 


assoceln 


Isto es indicate per le 


tion del duo species non pare esser obligatori, sed illo es certo avantageose pro ambes. 
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Studies on a Skin Test for Leptospirosis 


Donald C. Blenden, M.A., D.V.M.; Herbert 8. Goldberg, Ph.D.; P. Kuppuswamy, B.V.Sc., M.S. 


SUMMARY 


A protein fraction of Leptospira po- 
mona, S-91 was evaluated ina skin test for 
hypersensitivity to leptospires. This frac- 
tion was found to give a specific skin re- 
action when injected intracutaneously 
into guinea pigs sensitized with lepto- 
spires. The reaction, characterized by 
erythema, edema, and necrosis, appeared 
a few hours after injection of the fraction. 

Evidence obtained indicated that the 
protein fraction is relatively stable and 
potentially useful in the detection of 
leptospirosis. 


INTRODUCTION 


Leptospirosis is an important disease af- 
feecting animals and man, and its control is 
closely linked with the finding of a simple, 
sensitive, diagnostic test suited for wide- 
spread application. Such a test is yet to be 
perfected. The possibility of evolving a 
skin test for leptospirosis was therefore 
investigated. 

To date, a reliable skin test has not been 
employed with great success in any of the 
spirochetal diseases. Lutein tests employ- 
ing suspensions of killed Treponema pal- 
lidum as skin test agents for diagnosis of 
syphilis were evolved by Noguchi,® but 
were extremely nonspecific. Jacobsthal 4 
reported a skin test for leptospirosis which, 
however, was only preliminary and never 
confirmed. Stavitsky® reported hemor- 
rhagic lesions at the site of injection four 
or five days after intradermal injection 
of Leptospira icterohaemorrhagiae into 
guinea pigs. It was not indicated whether 
this represented an allergic response or was 
due to toxic substances of spirochetal origin 
localized at the injection site by virtue of 
decreased capillary permeability. The au- 
thor concluded that there were no further 
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data on skin hypersensitivity in lepto- 
spirosis. Skin reactions were recorded in 
normal guinea pigs by Imamura et al.* 
after intradermal injections of an extract 
obtained from L. icterohaemorrhagiae. No 
reaction was observed, however, when a 
cellular extract of Leptospira pomona was 
injected intradermally into guinea pigs. 
Recently, it was observed in this labora- 
tory > that marked erythema and swelling 
followed intradermal injection of a dia- 
lyzed preparation of sonicated eells of 
formalin-killed L. pomona, 8-91. This re- 
action occurred in guinea pigs previously 
sensitized with LZ. pomona but did not 
occur in normal nonsensitized animals. An 
investigation of this reaction was conse- 
quently undertaken. 

Schneider ** gave a comprehensive ac- 
count of a fractionation procedure applied 
to leptospiral cells for a comparative yield 
of complement-fixing fractions from L. 
icterohaemorrhagiae, Leptospira canicola, 
and Leptospira bataviae. Leptospires were 
disrupted by chemical treatment and upon 
analysis yielded four nondialyzable, pen- 
tose-containing, serologically active frac- 
tions. Of the fractions, fraction III was 
predominantly protein (50 to 60%) and 
reactive in the complement-fixation test. It 
is this fraction which aroused our interest 
in a potential skin test antigen. 


Materials and Methods 


A fraction of L. pomona, 8-91, designated IIT 
was prepared according to the protocol described 
by Sehneider.” The resulting fraction appeared as 
a white, particulate, protein residue. It was resus 
pended in phosphate-buffered saline solution (pH 
7.1), standardized turbidimetrically* (50% trans- 
mission at 440 mu) and injected intracutaneously 
on the backs of a series of nonsensitized and 
sensitized guinea pigs after the sites were clipped 
with disinfected clippers. The fractions 
given in doses of 0.05 to 0.1 ce., which resulted in 
the appearance of a good-sized bleb (3 to 4 mm). 

Seven- to 10-day-old, living, avirulent cultures 
of L. pomona, 8-91, grown in 0.2% tryptose phos- 
phate broth (Difco), to which 10% sheep serum 
was added, were used to sensitize guinea pigs. One 
milliliter of culture was given interaperitoneally, 


were 


*Spectronic 20, Bausch & 


Rochester, N.Y. 


manufactured by Lomb, 
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and another 1.0 ml. was given seven days later by 
the same route. Nine guinea pigs (200 to 250 Gm.) 
were thus sensitized, and their serum titers were 
determined by the microscopic agglutination test, 
as described in detail in an earlier study.* If titers 
in some of the animals were not detectable at a 
minimum level of 1:50, a third 1.0-ml. injection 
of the culture, concentrated to 50% original 
volume, was given three weeks after the second 
injection. Serum titers determined after the third 
injection were always at 1:50 or higher. 

Sensitized and nonsensitized control guinea pigs 
were kept in separate cages. After the injections 
of the fraction, observations were made every 30 
minutes for the first few hours and thereafter 
twice daily. Four control and 9 sensitized guinea 
pigs were given injections of undiluted fraction 
III. In a second study, animals of a similar group 
were given injections of fraction III, diluted one 
hundredfold with sterile phosphate-buffered (pH 
7.1) saline solution. 

In order to investigate the relationship of the 
skin test fraction to cross specificity, a series of 


30 guinea pigs was utilized. Ten each were sens. 
tized with L. pomona, 8-91, and L. icterohaemor- 
rhagiae by intraperitoneal injection of viable cells 
suspended in saline soultion. The remaining 10 
guinea pigs were used as nonsensitized controls. 
The sensitized animals developed agglutinin titers 
to the respective antigens and the control animals 
were serologically negative. All guinea pigs then 
were given intracutaneously 0.05 ml. of the un- 
diluted fraction III suspension. 

In a later stndy to determine the stability of 
the antigen, fraction III was heated to 60 C. for 
30 minutes and tested, undiluted, as above, for 
skin test activity. In addition, a protein residue 
fraction, prepared in 1954, similar to Schneider’s 
original preparation, was obtained (N. Rothstein, 
Walter Reed Institute of Research) and 


similarly tested. 


Army 


Results and Discussion 
The results of the first experiment, in 
which 4 control and 9 sensitized guinea 


TABLE i—Control and Sensitized Guinea Pigs Given Intradermal Injections of Fraction III 
Leptospira pomona Antigen 


Guinea 
pig No. Titer* 

101 Negative controls 
102 Negative controls 
103 Negative controls 
104 Negative controls 


105 2,400 


Reactions observed** 


6hr 24 hr. 


21mm 20 mm. 2mm 
diam. 


3 1+ 1 
22 mm. 7 mm. mm 
diam. 

3 1 l 
23 mm 7 mm 7 mm 
diam 

2 1 
25 mm 20 mm 5 mm 
diam 


3+ 24 1 
22 mm 7mm } mm 
diam. 


37 27 
22 mm 7 }mm 
diam 

3 l 
21mm. 22 mm mm 
diam. 

3 1 
21 mm. 22 mm mm 
diam. 


3 2t 1 


22 mm 19 mm Oo mm 
diam 


* Agglutinin titer to Leptospira pomona expressed as a reciprocal 


** 0 = no reaction; 1 minimum reaction; 2 
action, 


Necrosis is reactive area; 


intermediate reaction ; Maximum intensity re 


diameter of reactive area is shown in millimeters. 


: 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 ( 
2 3 <7 l 
106 200 1 2 
108 200 ) 
vf 
111 50 
113 200 
115 200 1 2 | 
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pigs were given fraction III intradermally, 
are shown (Table 1). In the sensitized 
guinea pigs, edema and erythema occurred 
within three hours after the injection. The 
edema was at a maximum for about 24 
hours. At the end of 24 hours, ischemic 
areas with well-marginated, more or less 
circular, erythematous areas surrounding 
them had developed in all the sensitized 
animals. Baeteriologically sterile pus was 
noticed and, at 48 hours after injection, 
definite areas of necrosis were beginning to 
slough. Three to four days after the injec- 
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periment in which the undiluted fraction 
III was used. The lesions in the sensitized 
animals followed the same course as in the 
first experiment ; however, the lesions were 
less severe and healed more rapidly. In 
this experiment, the fact that a reaction 
was not seen in any of the normal controls 
and that milder but definite skin reactions 
occurred in all the sensitized animals indi- 
cated the effect of diluting the fraction. 
All L. icterohaemorrhagiae-sensitized ani- 
mals and L. pomona-sensitized animals re- 
acted to fraction III by a central zone of 


TABLE 2—Control and Sensitized Guinea Pigs Given Intradermal Injections of 1:100 Dilution 


Guinea 
pig No. Titer* 3 hr. 
116 Negative controls 

Negative controls 
Negative controls 
Negative controls 


200 


50 


9,600 


9,600 


6,400 


of Fraction III Leptospira pomona Antigen 


Reactions observed** 


6 hr 24hr 


Killed for histopathologic study 
3 2 1 
21 mm.f mm 6 mm. 
3 3 1 


19 mm 3mm 15 mm 


2 
18 mm 9 mm 5 mm 
9 1 


20 mm 10 mm, 7 mm 


Killed for histopathologic study 
18 mm 

Killed for histopathologic study 
20 mm 
3 2 1 
12 mm 7 mm 

3 2 1 

14mm 6 mm 4mm 


5 mm 


Agglutinin titer to Leptospira pomona expressed as a reciprocal 


** 0 = no reaction; 1 
action. 
+ Sizes refer to diameter of reactive 


tion, ulcers remained, but by the sixth day 
the ulcers were healing. The maximum 
diameter of the skin lesion varied from 21 
to 31 mm. The degree of skin test reaction 
appeared to have no correlation with the 
serum agglutinin titer of the animal. 
Table 2 shows the results of the experi- 
ment in which diluted fraction III was 
used. In about four hours, erythema and 
edema were seen in all sensitized animals. 
In several animals there were slight areas 
of necrosis. The diameter of the skin 
lesions varied from 12 to 21 mm. as com- 
pared to 21 to 25 mm. seen in the first ex- 


minimum reaction; 2 - 


intermediate reaction; 3 = maximum intensity re 


area in millimeters 


ischemia which later became necrotic and 
uleerated. The erythema was visible at 
three hours, and the erythematous reaction 
reached its maximal intensity at 24 hours, 
with a size varying from 21 to 30 mm. in 
diameter. 

There was no indication that animals 
sensitized with L. icterohaemorrhagiae re- 
acted less markedly than those sensitized 
with L. The control animals did 
not react. 

The heated (60 C. for 30 minutes) prepa- 
ration of fraction III and the fraction 
which had been stored at 4 C. for five years 


pomona, 


: : 
0 0 0 0 
0 0 0 0 
0 0 ( 0 
: ( 0 0 0 
120 2 
122 R00 2 2 
123 — 2 2 
124 2 2 
125 2 
126 RO 2 2 
127 200 2 2 
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at Walter Reed Army Institute of Research 
gave results identical to unheated, freshly 
prepared material. Thus, the skin test 
antigen is relatively stable to heat and cold. 

Histopathology of Skin Test Lesions.— 
Three inoculation sites were excised 24 
hours after inoculation for microscopic 
examination. A single section was cut 
through the center of the lesion and stained 
with hematoxylin and eosin. 

The epidermis overlying the crest of the 
lesion had sloughed. The adjacent epi- 
thelium had undergone coagulation necrosis 
and was separated from the dermis by 
edematous fluid rich in neutrophils. Neu- 
trophils had invaded the corneum at the 
margin of the lesion. 

Neutrophils and a few scattered mono- 
nuclear cells infiltrated the entire dermis. 
Neutrophils were packed in the upper part 
of the dermis where collagen fibers and 
hair follicles were being destroyed. The 
deeper collagen fibers were separated by 
the cellular infiltration. The inflammatory 
reaction extended more widely in the sub- 
cutaneous tissue. Edema was more con- 
spicuous at this site, but the leukocytic re- 
sponse was less intense and consisted of 
about equal numbers of neutrophils and 
mononuclear cells. There was mitotie ac- 
tivity in the latter cells. A few eosinophils 
were present. The leukocytes were concen- 
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trated around vessels and nerves in the 


subcutaneous tissue. 

Several vessels in the subcutaneous tis- 
sue contained thrombi. Their walls were 
necrotic and invaded by neutrophils. 

This reaction is quite similar to those 
previously reported! to be produced by 
tuberculin in tuberculosis-sensitized cattle. 
The fact that the reaction in leptospire- 
sensitized guinea pigs was characterized by 
intense neutrophilic infiltration would seem 
to be the major difference. 
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Studios in Re un Test Cutanee pro Leptospirosis 


Un fraction proteinic de Leptospira pomona, 8-91 esseva evaluate in un test cutanee pro 


hypersensibilitate contra leptospiras. 


Esseva trovate que iste fraction produce un specific re- 


action cutanee quando illo es injicite intracutaneemente in porcos de India sensibilisate con 


leptospiras. 
horas post le injection del fraction. 


Le reaction, characterisate per erythema, edema, e necrosis, se manifestava pauc 


Le observationes indicava que le fraction de proteina es relativemente stabile e potential 


mente utile in le detection de leptospirosis. 


Direct Cultural Methods for the Isolation of Leptospires 


from Experimentally Infected Guinea Pigs 


Robert W. Menges, D.V.M., M.P.H., and Mildred M. Galton, Se.M. 


SUMMARY 


Direct culture of blood, urine, and kid- 
ney tissue for the isolation of leptospires 
from guinea pigs =xperimentally infected 
with Leptospira pomona, Wickard, was ac- 
complished by: (1) inoculation of varying 
amounts of blood into Fletcher’s medium, 
(2) culture of urine obtained from living 
animals by bladder tap, (3) culture of 
voided urine diluted in buffered NaCl 
solution, and (4) culture of urine and 
varying concentrations of kidney suspen- 
sion obtained at necropsy. In addition, a 
variety of guinea pig tissues and body 
fluids were cultured at varying periods 
after infection to determine the location 
of leptospires in the body. Differences 
between inoculums of 1, 2, or 3 drops 
of blood per 5 mi. of medium were not 
observed. Leptospires were isolated from 
urine obtained by bladder tap from 91% 
of the samples cultured four to 15 weeks 
after inoculation. 

Isolation of leptospires from kidney 
tissue of guinea pigs necropsied at least 
20 days after inoculation was enhanced 
by culturing dilutions of 10.0, 1.0, and 
0.1% of kidney suspension. 

After the acute phase of illness, lepto- 
spires could not be isolated from tissues 
or body fluids except urine, and kidney 
and bladder tissues. 

The greatest number of isolations were 
obtained with Fletcher's semisolid me- 
dium containing 10% pooled rabbit 
serum. Stuart’s liquid medium and 
Chang's liquid and semisolid mediums 
were less satisfactory for initial isolation. 
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INTRODUCTION 


It is generally agreed that isolation of 
leptospires by direct culture of blood, urine, 
or kidney tissue is the most desirable 
method of laboratory diagnosis.*;7 How- 
ever, there is considerable variation as to 
the recommended proportion of inoculum 
to culture medium, the method of collection 
and preparation of body fluids and tissues,® 
and the period that may safely elapse be- 
tween collection of samples and inoculation 
of the culture medium. The results of com- 
parative studies for the isolation of Lepto- 
spira pomona by direct culture from blood, 
urine, and tissues of infected guinea pigs 
are presented. 


Materials and Methods 


In August, 1955, guinea pigs infected with L. 
pomona, Wickard, were received from Dr. E. V. 
Morse.* The guinea pigs were necropsied and kid- 
ney suspensions used to start two passage lines. 
There were 50 passages made with one line and 
25 with the other. Blood, urine, and kidney from 
the guinea pigs in these 75 passages were used in 
an effort to group and evaluate techniques for 
isolation of L. pomona. 

At each passage, the guinea pigs were anesthe- 
tized with ether and blood was obtained from the 
heart for serologic tests. The guinea pigs were 
then killed, and varying concentrations (as indi- 
eated below) of urine and kidney tissue were 
cultured. The kidney suspensions from all of the 
guinea pigs at each passage were pooled, and 1.0 
to 2.0 ml. was inoculated intraperitoneally into 
3 weanling (4-week-old) English short-haired 
guinea pigs weighing approximately 200 Gm. In 
addition, one drop of the kidney suspension was 
dropped into each eye of the guinea pigs. Unless 
otherwise stated, sterile, dry, 2-ml. syringes with 
l-inch, 20-gauge needles were used. 

During the first passages, rectal temperatures 
taken daily for two weeks generally increased to 
104 F. or greater four to eight days after inocu 
lation, so temperatures were taken routinely during 
this period only. When the fever developed, the 


* Leptospira pomona, Wickard, was isolated by Dr. 
E. V. Morse in Wisconsin in 1953 by inoculating bovine 
urine intraperitoneally into guinea pigs. The strain was 
passed in guinea pigs every three to four weeks. For 
passage, a 10% suspension of kidney was prepared at 
necropsy and 2.0 ml. was inoculated intraperitoneally. 
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guinea pigs were anesthetized with ether, blood 
was obtained from the heart, and the whole blood 
was cultured. 

Blood.—The thoracic area was swabbed with 
70% aleohol, and blood was obtained with a ster- 
ile, dry, 10-ml. syringe with a 2%-inch, 20-gauge 
needle. Three drops of whole blood were inoeu- 
lated immediately into each of four to six tubes 
containing 5-ml. amounts of Fletcher’s medium.’ 
To determine the desired proportion of inoculum 
to medium, 1, 2, and 3 drops of blood from each 
of 43 inoculated of two 
tubes of Fletcher’s medium. 

Urine.—Urine was obtained from 19 infected 
guinea pigs by the bladder tap technique.’ The 
guinea pig was held on its back with the left hand 
grasping the right hind leg. The abdomen was 
swabbed with 70% aleohol, and the bladder tapped. 
One to 3 drops of urine were inoculated into each 
of four tubes of medium. If the bladders were 
empty, 10 ml. of physiologic saline solution was 
injected intraperitoneally and the bladder tapped 
15 to 30 minutes later. 

Urine voided from 15 guinea pigs was obtained 
for direct culture by a dilution technique previ- 
ously deseribed.® Thirty-nine samples were ob- 
tained six days to 17 weeks after inoculation. 

Urine from 3 guinea pigs infected with L. 
pomona, Wickard, and necropsied on the 28th day 
postinoculation was used to determine the period 
that L. pomona would survive in the urine after 
death of the animal. Infection had been proved 
by isolation of leptospires from the blood. In the 
first experiment, urine was collected from two 
guinea pigs by the bladder tap method. The urine 
was obtained seven minutes after death of the 
guinea pig, and three drops was inoculated immedi- 
ately into each of three tubes of Fletcher’s me- 
dium. The urine was held in the syringes at room 
temperature. Urine from the first guinea pig was 
cultured only after one hour but that from the 
second guinea pig was cultured at hourly intervals 
for six hours. The bladder of the third guinea 
pig was tapped at 15 minutes, two hours and 15 
minutes, and four hours after death. At the end 
of four hours, the bladder was empty so 0.5 ml. 
of Fletcher’s medium was injected into it and a 
portion was withdrawn at six and eight hours. 

Kidney.—Kidney cultured at necropsy was ob- 
tained from the guinea pigs as soon as possible 
after death. In addition, urine samples obtained 
by bladder tap at necropsy were cultured for 
comparison. Prior to neeropsy, the animals were 
soaked in 10% liquor eresolis for approximately 
15 minutes. Sterile instruments were used to re- 
move the skin, then with another set of sterile 
instruments, the muscle and peritoneum were re- 
moved and the viscera exposed. Urine was col- 
lected by the bladder tap technique and cultured 
as described. 

joth kidneys were removed and weighed in a 
sterile petri dish. They were then placed in a 
sterile mortar, sterile sand added, and the 
mixture ground thoroughly. Sterile buffered saline 
solution (1,840.0 ml. of 0.85% NaCl plus 160.0 


animals was into each 


was 
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ml. of Sorensen’s buffer) added to make a 
10.0% tissue suspension (9.0 ml. of buffered saline 
solution per 1 Gm. of tissue). After mixing well 
into solution, the supernatant fluid was poured 
into a sterile glass tube and 1.0 ml. of the suspen 
sion was withdrawn. Three drops of the suspen- 
sion was inoculated immediately into each of four 
to six tubes of the medium. 

Different concentrations of kidney 
were also prepared as follows: 50.0%, 4 Gm. of 
kidney plus 4.0 ml. of buffered saline solution; 
33.0%, 4 Gm. of kidney plus 8.0 ml. of buffered 
saline solution; 10.0%, 4 Gm. of kidney plus 36.0 
ml, of buffered saline solution; 1.0%, 0.1 ml. of 
the 10.0% suspension plus 0.9 ml. of buffered 
saline solution; and 0.1%, 0.1 ml. of the 1.0% 
suspension plus 0.9 ml. of buffered saline solution. 
Each suspension was then cultured by inoculation 
of three drops per 5.0 ml. of medium. 

Eight ZL. pomona-infected guinea pigs 
necropsied at four, ten, 20, 30, 40, 52, 70, and 
137 days postinoculation, and 3 drops of a 10% 
suspension of each tissue or 3 drops of the fluid 
samples was inoculated into each of three to six 
tubes of medium, Fluids and tissues cultured in 
cluded: aqueous and vitreous humor, urine, bladder, 
kidneys, adrenals, liver, bile, spleen, pancreas, mes 
lymph nodes, submaxillary lymph 
salivary glands, uterus, 
lungs, diaphragm, thigh 
fluid, spinal cord, and brain. 

Fletcher’s semisolid,‘ Stuart’s liquid,” 
Chang’s liquid and semisolid mediums* were com- 
pared for isolation of leptospires. Sterile hemo- 
lyzed rabbit serum was added to all mediums to 
provide a final 10% concentration. The mediums 
were dispensed in 5.0-ml. amounts into screw-cap 
ped test tubes (16 mm. by 125 mm.) and then 
tested for sterility by incubation at 37 C. for 24 
The ability to support growth of lepto 
spires before use was tested by inoculation of 
0.l-ml. amounts of actively growing stock lepto- 
spiral serotypes into the mediums, 

The microscopic agglutination test* with for- 
malinized L. pomona, S91, antigen was used with 
serum from 55 of the infected guinea pigs. 


was 


suspension 


were 


enteric nodes, 
heart, 


cerebrospinal 


ovaries, testicles, 


muscles, 


and 


hours. 


Results 

Of 167 L. pomona-infected guinea pigs, 
155 (99%) had a rectal temperature of 
103 to 104 F., or above, between the fourth 
and eighth days after inoculation. Lepto- 
spires were isolated from the blood of 115 


TABLE i—Blood Cultures from 43 Guinea Pigs 
Inoculated with Leptospira pomona; Varying 
Amounts of Inoculum Used 
No. of drops Total 
Blood specimens 2 3 specimens 
No. cultured i 38 43 43 
Leptospires isolated y 23 30 34 
% positive 55. 60.5 69.8 79.1 
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TABLE 2—Summary of the Culture Findings on 49 Urine Specimens Obtained by Bladder 


Tap 1 to 15 Weeks after Inoculation from Guinea Pigs Infected 
__Wickard 


Weeks after inoculation 


100 
3 
( 0 
{ é 0 


9 


N = Number of urine specimens. 


+D = Leptospires observed by darkfield examination; 


cent positive. 


(78%) of 148 guinea pigs between the 
fourth and tenth days. With an inoculum 
of 1 drop of blood, 28 (65.2%) of 43 
samples were positive; with 2 drops, 23 
(60.5% ) of 38 samples were positive, and 
with 3 drops, 30 (69.8%) of 43 samples 
were positive (Table 1). 

A summary of findings on culture of 49 
urine specimens obtained by bladder tap 
from 19 infected guinea pigs from one to 
15 weeks after inoculation is given (Table 
2). lLeptospires were isolated from 34 
(69%) of the 49 specimens and none were 
contaminated. Leptospires were found in 
only seven (14%) of the urine samples by 
direct darkground examinations. 

Direct culture of voided urine samples 
by the dilution technique also proved to be 
a satisfactory method for recovery of lepto- 
spires. Isolations were made from a total 
of 23 (59%) of the 39 urine samples cul- 
tured. Pure cultures were found in one or 
more tubes in 21 (91%) of the 23 positive 
specimens. The percentage of positive in- 
creased from six (15%) in tubes inoculated 
with undiluted urine to 13 (42%) in those 
inoculated with the third dilution and were 
found at this level also in the fifth dilution 
as shown (Table 3). 

In an experiment to determine how long 
leptospires would survive in guinea pig 
urine, isolations were obtained from the 
urine of 1 infected guinea pig when cul- 
tured one hour after collection and from 
the second animal up to six hours after 


1 
1 


100 


1 
0 
0 


None of the specimens were contaminated ; 


with Leptospira pomona, 


§ 5 Total 
2 2 ‘ 49 
2 ‘ 34 
100 100 69 
re 1 49 
0 0 7 
0 0 14 


+ = Leptospires isolated ; 
examinations; % = Per 


ND = Number of darkfield 


death. These samples were held in the 
syringe at room temperature. At necropsy 
of another infected guinea pig, urine was 
allowed to remain in the bladder and ob- 
tained by bladder tap at intervals up to 
four hours for culture. Leptospires were 
isolated from all samples cultured. As the 
bladder was empty at this time, Fletcher’s 
medium was injected and the bladder tap- 
ped again at six to eight hours, and lepto- 
spires recovered. Thus, it appears that L. 
pomona will remain viable in guinea pig 
urine at room temperature for at least six 
hours and in the bladder of a dead guinea 
pig for four to eight hours. 

Kidney suspensions were cultured from 
104 L. pomona-infected guinea pigs at nec- 
ropsy 20 to 42 days after inoculation and 
leptospires were isolated from 74 (71%). 
At the same time, urine was cultured from 
74 of these guinea pigs for comparison. 
Leptospires were isolated from 53 (72%) 
of the kidney cultures and 47 (64%) of the 
urine cultures. Positive cultures from the 
urine only were obtained in 14 (19%) of 
the samples and from the kidney only in 
eight (11%) as shown (Table 4). While 
more isolations were made from the kid- 
ney cultures, leptospires would have been 
missed in 6 (8%) of these guinea pigs 
if the urine had not been cultured also. 

Five different dilutions of kidney sus- 
pension were tried. A 50.0% kidney sus- 
pension from 8 animals was cultured, 
with only two samples (25%) positive; de- 


TABLE 3—Summary of Findings on 39 Voided Urine Specimens from 15 Guinea Pigs 
Experimentally Infected with Leptospira pomona, Wickard 


No. 


cultured No 


39 
37 
36 
31 
31 
31 


Undiluted 
Dilution 1 
Dilution ¢ 
Dilution 3 
Dilution 4 
Dilution 5 


Contaminated 


No. 


Positive 


33 

26 

11 
8 
9 


5 


1087 
1 2 ; 4 5 6 7 
N 4 11 12 7 3 2 | 
+ 1 7 6 6 3 2 
100 
ND 2 
+D 1 
50 
% % 
6 15 85 
6 16 70 
14 89 81 
13 42 26 a 
7 23 29 
13 42 | | 16 
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TABLE 4—Comparative Findings on Culture of 
Urine and Kidney from 74 Guinea Pigs Infected 
with Leptospira pomona, Wickard 


No. Positive 


Specimen cultured 
Urine 

Kidney 

Urine only 

Kidney only 


Totals 


creasing the concentration, a 33.0% sus- 
pension from 20 animals was cultured and 
eight samples (40%) were positive. For 
the majority of cultures, a 10.0% suspen- 
sion was used. Of 76 samples cultured, 
six were grossly contaminated but lepto- 
spires were isolated from 59 (81%) of the 
remaining 70 cultures. In addition, 1.0% 
kidney suspensions were prepared from 21 
of these guinea pigs and 0.1% suspensions 
from 11 for comparison. The number of 
isolations increased as the kidney suspen- 
sions became more dilute, with 65%, 81%, 
and 90% isolations being achieved with the 
10.0%, 1.0%, and 0.1% concentrations 
(Table 5). 

Another 10 experimentally infected 
guinea pigs were necropsied on the sixth 
day after inoculation and 10.0%, 1.0%, and 
0.1% kidney suspensions were cultured. 
Five of these animals were infected with 
L. pomona, Wickard, and 5 with L. ictero- 
haemorrhagiae, Wijnberg. Leptospires 
were isolated from eight (80%) of the 10% 
suspensions, seven (70%) of the 1.0% sus- 
pensions, and five (50%) of the 0.1% sus- 
pensions (Table 5). Five hamsters infected 
with L. canicola were necropsied on the 
sixth day after inoculation and different 
concentrations of kidney tissue were cul- 
tured for comparison. Of these, 4 (80%) 
of the hamsters were found to be positive 
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when 10.0% kidney suspension was used, 
1 (20%) with a 1.0% suspension and none 
with 0.1% suspension. It appears from the 
comparative kidney cultures made between 
20 and 42 days after inoculation that the 
more dilute inoculum of 0.1% should be 
used, but if kidney cultures are obtained as 
early as the sixth day after infection, the 
more concentrated inoculum of kidney sus- 
pension (10.0%) is indicated. 

In the experiment to determine the loca- 
tion of leptospires in the body at different 
stages of infection, numerous tissues and 
body fluids were cultured four to 137 days 
after inoculation. All guinea pigs studied 
were positive by blood culture (Table 6). 
Leptospires were isolated from the blood, 
kidney and liver tissues, and spinal fluid 
of the guinea pig necropsied on the fourth 
day postinoculation. From guinea pigs 
necropsied after this period, isolations were 
obtained only from the kidney tissue, urine, 
or bladder. Thus, it appears that if lepto- 
spires are present in organs other than the 
kidney and bladder after the acute phase 
of infection, they are in extremely small 
numbers. 

Aqueous and vitreous humor were cul- 
tured from 30 L. pomona-infected guinea 
pigs proven positive by blood culture. In 
16 of these guinea pigs, inoculated intra- 
peritoneally with 2.0 ml. of a 10% kidney 
suspension, all of the eye fluid cultures 
were negative. In the remaining 14 guinea 
pigs, a drop of the 10% kidney suspension 
was placed into each eye and 2.0 ml. was 
inoculated intraperitoneally. Leptospires 
were isolated from the ocular fluid of 2 
(14%) of these guinea pigs when necrop- 
sied on the 28th day postinoculation. Scar- 
ring of the cornea was observed in one of 
these positive animals. Infection could not 
be detected by study of blood, urine, kid- 


TABLE 5—Comparative Findings on Culture of Various Dilutions of Kidney Suspensions 
from Experimentally Infected Guinea Pigs and Hamsters 


Infecting Test 


strain animal Necropsied 


L. pomona guinea 20-—42nd 
Wickard pigs day 


L. pomona guinea 
Wickard © pigs 
L. ictero- 

haemorrha- 

giae ® 


6th day 


L. canicola hamsters 6th day 


Positive 
% kidney No. 
suspension cultured No. No 
10.0 21 é 65.0 
1.0 1 81.0 
0.1 il 90.0 


{0.0 I . 80.0 


70.0 
50.0 


80.0 
20.0 
0 


No % 
47 64 
53 72 
14 19 
8 11 
74 67 90 
| 
1.0 10 7 || 
1 10 5 
30.0 5 
1.0 5 H 
0.1 5 0 
| 
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TABLE 7—Findings on Four Leptospiral Mediums 
Inoculated with Blood, Urine, or Kidney Tissue 
Samples from Guinea Pigs Experimentally Inocu- 
lated with Leptospira pomona 
Specimens cultured 
Positive 
Medium No. 


Fletcher's semisolid 93 
Stuart's liquid 11 
Chang's semisolid 3 
Chang’s liquid 


Totals 


ney tissue, or ocular fluid in 3 guinea pigs 
inoculated by the conjunctival route only. 

Stuart’s liquid medium and both the 
liquid and semisolid mediums of Chang 
were used comparatively with Fletcher’s 
semisolid medium. By far the greatest 
number of isolations were obtained on 
Fletcher’s medium (Table 7). 

Serum samples obtained from 55 guinea 
pigs between 20 and 42 days postinocula- 
tion were tested by the microscopic agglu- 
tination test with formalinized L. pomona 
antigen. Antibodies against L. pomona 
were detected in all samples. Titers ranged 
from 1:32 to 1:1,024 with 43 (78%) 
samples between 1:64 and 1: 256. 


Discussion 

For many years the accepted procedure 
for isolation of leptospires from contami- 
nated specimens has been an_ indirect 
method involving inoculation of labora- 
tory animals,” subsequent periodic cardiac 
puncture, culture of the blood, and, finally, 
culture of the kidneys. This method has 
many disadvantages, as previously pointed 
out.” It has been shown in recent studies * 
that leptospires may be isolated with rela- 
tive ease from voided urine specimens, 
which are usually contaminated, by direct 
culture if a dilution technique is used. 
Further evidence of the successful appli- 
cation of direct culture techniques has been 
presented. It seems apparent, therefore, 
that one or more of these direct culture 
methods should always be used when iso- 
lation of leptospires is attempted and that 
animal inoculation would be indicated only 
as an ancillary method in unusual circum- 
stances. 

While the guinea pig experiments were 
being done, limited studies were conducted 
on naturally occurring cases of canine lep- 
tospirosis to determine whether the labora- 
tory experiments were of real value for 
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routine application. In the early phases of 
the work, a male Pointer was 
obtained, and urine specimens were cul- 
tured for four months by the animal inoeu- 
lation method. The urine was positive for 
eight consecutive weeks by this method, 
and then became negative on repeated cul- 
tures during the following two months. At 
that time, the dog was thought to have 
stopped shedding leptospires in the urine. 

Later, as the work progressed, the blad- 
der tap technique wes developed, and it 
was tried on another canine L. canicola 
earrier. Urine specimens from this dog be- 
came negative by the standard animal in- 
oculation method by the second month. By 
absorbing the urine, using the method de- 
scribed by Stuart,” and then inoculating 
laboratory animals, the urine was found to 
be positive almost another month. By the 
third month, however, the urine was nega- 
tive by the animal inoculation method. At 
that time, the serum titer was still 1: 2,048 
(Fig. 1). Urine specimens after the third 
month were obtained by the bladder tap 
technique and inoculated directly into a 
culture medium. This dog was proved to 
be a shedder of leptospires for an addi- 
tional four months, a total of seven months 
(Fig. 1). These studies of naturally occur- 
ring cases gave definite evidence of the 
value of the experimental procedures de- 
veloped. 


crossbred 


Conclusions 

Under the conditions of these experi- 
ments, the following conclusions were 
drawn: 

1) For direct culture of blood, 1 to 3 
drops should be inoculated into four to six 
tubes containing 5 ml. of medium. 
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2) Dilutions of at least 10.0, 1.0, and 
0.1% kidney suspension should be cultured 
for isolation of leptospires from kidney 
tissue. 

3) Voided urine is satisfactory for the 
isolation of leptospires if it is diluted seri- 
ally in buffered saline solution before cul- 
ture. 

4) Both kidney tissue and urine should 
be cultured at necropsy. 

5) Leptospires will survive for at least 
six hours after death in guinea pig urine 
held at room temperature. 


References 


‘Chang, 8S. L.: Studies on Leptospira 
Infect. Dis., 81, (1947): 28-34 

2 Fischer, G. W., Powers, D. K., and Galton, M. M.: 
Studies of Technics for the Isolation of Leptospires. 
I. The Suitability of 1- to 2-Day Old Baby Chicks as 
Compared to Hamsters for the Isolation of Various Lepto- 
spiral Serotypes. J. Infect. Dis., 103, (1958): 150-156. 

® Galton, M. M., Powers, D. K., McKeever, S., and 
Gorman, G. W.: Identification of Two Leptospiral Sero- 
types New to the United States. Public Health Rep., 72, 
(1957) : 431-435. 

*Gochenour, W. S., Yager, R. H., Wetmore, P. W.., 
and Hightower, J. A.: Laboratory Diagnosis of Lepto 
spires. Am. J. Public Health, 43, (1953): 403-414 

5 Menges, R. W., Galton, M. M., and Hall, A. C.: 
Diagnosis of Leptospirosis from Urine Specimens by Di 
rect Culture Following Bladder Tapping. J.A.V.M.A., 132 
58-60. 

® Menges, R. W., Rosenquist, B. D., and Galton, M. M 
A Method for the Isolation of Leptospires from Voided 
J.A.V.M.A., 137, (1960): 313- 


icterohaemor 


rhagiae. J. 


(1958) 


Urine by Direct Culture. 
316 

7 Ross, C. J.: Blood Culture in the Diagnosis of Lepto- 
spirosis in North Queensland Med. J. 
(1956) : 319-322 

Rudge, J. M 
mal Inoculation for Isolating Leptospires from 
New Zealand Vet. J., (1958): 15-16 

* Stuart, R. D.: The Preparation and Use of a Simple 
Culture Medium for Path. Bact., 58, 
(1946) : 343-349. 

” Stuart, R. D.: The Importance of Urinary Antibodies 
Mic robiol., 2, 


Australia, 2, 
Observations on the Efficiency of Ani 
Kidney 
Tissue 
Leptospirae. J 


in the Diagnosis of Leptospirosis. Canad. J 


(1956) : 288-297 


Directe Methodos Cultural pro le Isolation de Leptospiras ab 
Experimentalmente Inficite Porcos de India 


Un culturation directe de sanguine, urina, e tissu renal pro le isolation de leptospiras ab 
poreos de India experimentalmente inficite con Leptospira pomona, Wickard, esseva complite 
per (1) le inoculation de varie quantitates de sanguine in medio de Fletcher, (2) le ecultura- 
tion de urina obtenite ab animales vive per puncturas de vesica, (3) le culturation de vacuate 
urina diluite in un tamponate solution de NaCl, e (4) le cuituration de urina e suspensiones 


renal de varie concentrationes obtenite al necropsia. 


In plus, varie tissus e liquidos corporee 


de poreo de India esseva culturate a varie periodos post le infection pro determinar le 


location de leptospiras in le corpore. 


1, 2, o 3 guttas de sanguine per ml de medio. 


Esseva 


observate nulle differentias inter inoculos de 


Leptospiras esseva isolate ab urina obtenite 
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per punctura vesical in 91% del specimens culturate inter quatro e 15 septimanas post le 
inoculation. 


Le isolation de leptospiras ab tissu renal de poreo de India obtenite per necropsias 


al 
minus 20 dies post le inoculation esseva promovite per le uso, in le culturation, de suspensiones 
renal de dilutiones de 10,0, 1,0, e 0,1%. 


Post le acute phase del morbo, leptospiras non poteva esser isolate ab ulle tissu o liquido 
corporee, con le exception de urina e de tissu renal e vesical. 


Le plus grande numero de isolationes esseva obtenite con un medio semisolide de Fletcher 
que contineva 10% de sero de conilio de origine collective. Le medio liquide de Stuart e le 
medios liquide e semisolide de Chang esseva minus satisfactori pro le isolation initial. 
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Estimation of Cardiac Output by the Direct Fick Technique 
in Domestic Animals, with Observations on a 
Case of Traumatic Pericarditis 


C. M. Stowe, V.M.D., Ph.D., and A.L. Good, V.M.D., 


SUMMARY 


The cardiac output of several anes- 
thetized animals, presumably representa- 
tive of four species of the larger domestic 
animals, was obtained by the direct Fick 
oxygen technique. In general, the cardiac 
output of these animals was in the range 
of 70 to 150 mli./kg./min., while cardiac 
indexes ranged from approximately 2 to 
9, with most of the values around 4 to 
6. In a heifer affected with traumatic 
pericarditis, a relatively low cardiac out- 
put and stroke index was found, along 
with elevation of the jugular and right 
ventricular pressures. 


INTRODUCTION 


The cardiae output is defined as the vol- 
ume of blood ejected by the heart per min- 
ute. This study was undertaken in an effort 
to gather information of a comparative 
physiologic nature on this important pa- 
rameter of cardiovascular function in sev- 
eral species of domestic farm animals. 


Materials and Methods 


All the animals used in this study were anesthe 
tized to plane 1 or plane 2 
The sheep, goat, and all the calves except one were 
given pentobarbital sodium intravenously at a total 
of 15 The ealf 2 


of surgical anesthesia. 


to 25 mg./kg. cows and 


dose 
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received 6% chloral hydrate solution intravenously 
at an initial dose of 130 to 170 mg./kg. The swine 
were anesthetized with 300 mg./kg. doses of chloral 
hydrate given as a 5% solution intraperitoneally. 
Surgical anesthesia was atained in about 20 min 
utes. The horses were restrained initially with a 
rapid intravenous injection of a mixture contain- 
ing 0.12 mg./kg. of succinyleholine chloride and 
approximately 650 mg. of pentobarbital sodium. 
These two agents were mixed immediately before 
Upon collapse, 8% chloral hydrate solution 
administered intravenously until 


This 


use, 
anesthesia 
about 130 


was 


supervened. usually required 
mg./kg. 

After the animals were anesthetized, a tracheal 
of 


artery 


inserted. One 
In addition, a 


ventricle 


cannula appropriate size was 


carotid eannulated. 
catheter 
12-gauge needle inserted into the jugular vein. The 
location of the catheter tip was monitored by means 


of a 


was 


was passed to the right via a 


mercury manometer. 

short 
metabolism 
of 
to 
prevailed, a 


was connected 
Jenedict-Roth 
of to ten 
breathing was permitted in 
that state conditions 
requirement for Fick 
In the ease of the larger animals, it 


The tracheal cannula by a 
length of 


apparatus. A 


tubing to a 


period five minutes 


oxygen each 


case 
ensure steady 


necessary valid determina 


tions. was 
necessary to recharge the spirometer with oxygen 
frequently. Arterial and mixed venous blood sam 
ples were drawn slowly under anaerobic conditions, 
and their oxygen contents determined by the Van 
Slyke After measuring the 
oxygen the 
In each animal, two 


manometric method. 


consumption (corrected 
eardiae output was calculated. 
or more sets of samples were taken and the results 
The index 
the eardiae output and the area, 
tained from Meeh’s formula: A=kW 

k 0.105 for calves, 0.121 for sheep, and 0.087 for 


from 
ob 
where 


averaged. eardiae was caleulated 


surface as 


pigs. 


Results 

The data on oxygen consumption, A.V. 
oxygen difference, cardiac output, and 
cardiac index obtained from the various 
animals studied are presented (Tables 1-4). 

During the course of these experiments, 
a 900-lb. (409-kg.) grade Holstein-Friesian 
heifer, afflieted with traumatic pericarditis, 
became available for study. The procedures 
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TABLE 1—Cardiac Output in Anesthetized Calves 


Body 
weight 


A.V. oxygen 
difference 
(ml. /liter) 


O, consumption 


Cardiac output Cardiac output Cardiac index 
(ml./min.) 


(liter /min.) (ml. /kg./min.) (liter /M?/min.) 
358 5. 6 
14. 


A 


im tom 


tn bo 
to & & 


Mean 


TABLE 2—Cardiac Output in Anesthetized Swine 


Body 
weight 
(kg.) 

25 212 39 y 7.2 

50 420 74. 

36 202 62. 

ig 143 58. 

30 249 

28 172 

34 239 


32 23 


A.V. oxygen 
difference 
(ml. sr) 


consumption 


Cardiac output Cardiac output Cardiac index 
(ml. /min.) 


(liter /min.) (ml./kg./min.) (liter /M?/min.) 


Mean 


TABLE 3—Cardiac Output in Anesthetized Ewes 


Body A.V. oxygen 


weight 
(kg.) 


50 
61 
39 
49 
51 


50 


O, consumption 


(ml. /min.) (ml 


d ifference 
liter) 


Cardiac output Cardiac output 
(liter /min.) 


Cardiac index 
(ml./kg./min.) (liter/M2/min.) 


38.1 6.2 8 
50.5 ¢ 3.1 
69.4 2.8 2 A 
46.2 2.8 
54.3 


TABLE 4—Cardiac Output in 3 Anesthetized Horses, a Cow, and a Goat 


Species 


Horse 
Horse 
Horse 
Goat 
Cow 


Body 
weight 

(kg.) 
280 
143 
314 
41 
318 


A.V. oxygen 


consumption 


(ml./min.) (ml. 


1,694 
693 
2,110 
175 


820 


TABLE 5S—Cardiovascular Observations in a Heifer 
(409 kg.) with Traumatic Pericarditis 


Jugular pressure 


Right ventricular pressure. 


Oxygen consumption 
Cardiac output 


Heart rate 


(obtained by EKG) 


Stroke volume........ 
Cardiac index 


50 mm. Hg 
70 mm. Hg 
1007 ml./min 
18.9 liters/min 
(46 ml./kg./min.) 


160 per min. 
118 ml. 
2.4 liter /M?/min. 


difference 


Cardiac output Cardiac output Cardiac index 


liter) (liter /min.) (ml. /kg./min.) (liter/M?/min 


55.2 93 


9 71 
6 


2.8 


described for the other animals 
ployed and the findings are 
(Table 5). 

At necropsy, this heifer was found to 
have an enlarged pericardial sac which 
contained a great volume of seropurulent 
exudate, containing clumps of fibrin. The 
pericardium was 25 em. in diameter, and 
the wall of the organ was 1 to 2 em. in 


were em- 
reported 


|| 
Calf 
) (kg.) 
70 
107 
34 223 5 123 8.9 
73 430 4 129 5.1 
98 591 5 105 4.6 
6 69 365 93 3.6 
7 80 451 104 4.3 
8 75 307 145 9.2 
9 67 358 : 102 4.0 
10 45 151 5.1 
11 45 275 144 4.9 
Ye 69 369 120 5.0 
Pig 
| 
| 3 
Yi = 234 53.4 4.5 146 5.2 
Ewe 
l 235 
2 296 
3 191 
208 
5 879 
Mean = 262 51.7 5.3 104 3.2 
6.1 
50 9.0 
42.7 4.1 101 2.9 
35.9 113 7.3 
. 
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thickness. There was evidence of myocar- 
dial deterioration.* 


Discussion 


Since all of these animals were anesthe- 
tized to plane 1 or 2 of surgical anesthesia 
before the rate of oxygen consumption and 
blood oxygen content were determined, 
consideration must be given to the effect of 
general anesthetics on cardiovascular and, 
in the case of direct Fick determinations, 
respiratory function as well. Greisheimer 
et al.* reported some increase in cardiac 
output in dogs anesthetized with thiopental 
sodium. Stowe and Good *° studied cardiac 
output in both anesthetized and non-anes- 
thetized calves and reported that there was 
no marked or regular difference between 
the two (118 ml./kg./min., and 123 ml./ 
kg./min., respectively ). On the other hand, 
the authors observed in the current experi- 
ments that the cardiac output of calves de- 
clined after one to six hours of pentobar- 
bital anesthesia. 

Hemingway ® recently summarized much 
of the work that has been done on anesthe- 
tized dogs and found that, in general, the 
cardiac output declined after the inception 
of anesthesia. In his own experiments, he 


also noted decreased cardiac output with 
pentobarbital anesthesia ; his minimum val- 
ues, for example, were obtained 15 to 35 
minutes after administration of the drug. 


Since barbiturates depress oxygen con- 
sumption, it would seem logical to expect 
a fall in eardiae output, as calculated from 
the direct Fick principle, if one assumes a 
constant arterial-venous oxygen difference, 
or even an A.V. oxygen difference that de- 
creases at a rate less than the rate of de- 
crease in oxygen consumption. 

One problem that must be recognized in 
estimating cardiac output by this method 
is the lack of precision with the methods 
that are available. Variations as high as 
15%, and sometimes greater, are not un- 
common in a series of cardiac output esti- 
mates made at short time intervals. One 
possible explanation for this lies in the 
fact that oxygen consumption records ob- 
tained from the Benedict-Roth metabolism 
apparatus may be in error by as much as 
10%.* 

The results obtained with these experi- 


* The authors thank Dr. N. O. Nielsen of the Division 
of Veterinary Pathology and Parasitology for conducting 
the pathologic examination 
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ments were similar to those reported else- 
where. Zuntz and Hagemann * found that 
cardiac output values in nonanesthetized 
horses averaged 25% lower than those 
reported in this study; Bareroft et al.,’ 
in studies with nonanesthetized goats, ob- 
tained cardiac output values which were 
quite similar. More recently, Schambye 
(sheep),'* Doyle et al. (cows),° Fisher and 
Dalton (cows),* and Stowe and Good 
(calves and sheep) reported cardiac out- 
put values in the same general range as 
those for the animals in this study. 

The low cardiac output found in the 
heifer with traumatic pericarditis seems 
reasonable, particularly in view of the ele- 
vated pressure in the jugular vein and the 
right ventricle. The stroke volume was 
substantially below the figure of 637 ml. 
that was found by Doyle et al.® in dairy 
cows of comparable weight. Presumably, 
the constriction due to the distended peri- 
cardial sac impeded the return of blood 
to the heart, and limited the diastolic filling 
of the ventricles. Abnormally low cardiac 
output values and greatly elevated venous 
pressures have been observed in human 
beings with constrictive pericarditis. 

Burwell and Strayhorn* and Burwell 
and Flickinger* reported that elevated 
venous pressures, reduced cardiae outputs, 
and reduced cardiac indexes in constrictive 
pericarditis improved, following resection 
of the pericardium. Similar findings also 
were reported by Lyons and Burwell, 
along with the additional observation that 
tachycardia, induced by intravenous atro- 
pine sulfate, was accompanied by an in- 
erease in the cardiac output and a fall in 
the venous pressure. Wilson et al.'® found 
cardiac indexes which were about 50 to 
60% of normal, and increased pressure in 
the right side of the heart and the vena 
cava. There also have been some interesting 
studies on dogs in which experimental con- 
strictive pericarditis was produced by 
placing excess saline solution or various 
irritant materials into the pericardial sac. 
Such animals were of particular value in 
following the cardiovascular changes in- 
duced by such procedures.?'' In gen- 
eral, reduction of the cardiac index and 
elevated venous pressures were reported. 
These reports suggest that similar studies 
might well be fruitful in order to better 
understand traumatic pericarditis in cattle. 
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Estimation del Rendimento Cardiac in Animales Domestic per 
Medio del Technica Directe de Fick, con Observationes 


in Re un Caso de Pericarditis Traumatic 


Le rendimento cardiac de plure anesthesiate animales representative (presumitemente) de 
quatro species de bestial major esseva determinate per medio del technica directe a oxygeno de 


Fick. 


A generalmente parlar, le rendimento cardiac de iste animales esseva inter le linutes de 
70 e 150 ml/kg/min, durante que le indices cardiae variava inter approximativemente 
majoritate del valores esseva in le vicinitate de 4 a 6. 


2e9. Le 
In un juvenca, afficite de pericarditis 


traumatic, un relativemente basse rendimente cardiae e indice cardiac esseva trovate, insimul 
con elevation del tension jugular e dextero-ventricular. 


Uterine Healing After Cesarotomy in Goats 


R. P. 8. Tyagi, B.V.Sc., A.H., M.S., and W. V. Lumb, D.V.M., Ph.D. 


SUMMARY 


In cesarotomies on 8 goats, 18 uterine 
incisions were made. Siopsies were per- 
formed at intervals postoperatively, and 
macroscopic and microscopic observations 
were made. In | goat, two uterine inci- 
sions were sutured with No. 50 nylon, 
using a single row of simple, interrupted 
Lembert stitches on one, and a single row 
of continuous lock stitches on the other. 
Single rows of stitches were used only 
on this goat and did not produce a safe 
closure. The uterine incisions on the re- 
maining goats were sutured with either 
catgut or nylon, using either a double 
row of continuous lock stitches, or two 
rows of simple, interrupted Lembert 
stitches. 

On microscopic examination, it was 
observed that the edges of the wound 
throughout the entire line of incision 
were held together by early proliferation 
of fibroblasts and blood capillaries. Defi- 
nite scar tissue could be seen 14 to 27 
days postoperatively. Muscle regenera- 
tion could not be observed in the healing 
process. 

When catgut suture was used, there 
was severe tissue reaction in 4 goats and 
omental adhesions in 2. No such reac- 
tions occurred with the use of nylon. 


INTRODUCTION 


In the past decade, due to improvements 
in anesthetic and surgical techniques, cesar- 
otomy has become an established and im- 
portant procedure in veterinary obstetric 
surgery. Since the hazards of this opera- 
tion have significantly decreased, indica- 
tions for its use have broadened to include 
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many complications of pregnancy and labor 
which were formerly managed by vaginal 
delivery. However, it must be emphasized 
that cesarotomy is not only associated with 
some immediate risk, but it also predisposes 
the patient to certain dangers if future 
pregnancies develop. The condition of the 
healed uterus after cesarotomy is an impor- 
tant factor in the safety of future preg- 
naney. The purpose of this article is to 
report observations on the healing process 
of uterine incisions made during cesarotomy 
in goats. 


Review of Literature 


Healing of incisions in the human uterus has 
been thoroughly studied by many  investiga- 
tors.7***** In earlier literature, authors are di- 
vided into two schools of thought. Baunfunwold 
et al., cited by Audebert and Williams,” reported 
complete muscle regeneration in the sear after 
cesarotomy, whereas Couvelaire*® doubted that the 
reparative processes could occur without fibrous 
tissue formation. Fruhinshols, Lauvray, and Nico- 
letti, cited by Hindman,’ agreed with the latter 
principle. Schwarz and Paddock” appear to have 
settled the issue in their histologic study of the 
sear. They demonstrated the laying down of fibrin 
and fibroblasts along the line of incision in the 
early healing process. The results of a series of 
experiments by these investigators on the uteri of 
pregnant guinea pigs at term confirmed that the 
process of healing was by sear tissue formation. 
Their observations have not been contradicted. 

The healing process of the uterine wall in do- 
mestic animals after cesarotomy has received little 
attention until recently, judging by the relatively 
meager information appearing in the literature. 
In 1957, Cheli* studied the healing proerss in 
bovine, ovine and canine uteri after cesarvtomy 
at different stages of pregnancy. He also observed 
the formation of cicatricial tissue at the site of 
the sear. 

The process of healing was considerably affected 
by the different suture techniques and materials 
reported by the various authors.* *”"-" 


Materials and Methods 


Pregnant adult goats were used in this study. 
Weight varied from 85 to 115 lb. each. Near term, 
they were kept in separate stalls and given a ration 
of hay and a commercial ground dairy feed. Sur- 
gery was performed when the usual physical signs 


of approaching parturition appeared. The goats 


[ 1097 


1098 


were fasted overnight, and an antiferment* was 
given via stomach tube one hour before surgery. 
Ten minutes before the operation, a tranquilizer, 
triflupromazine hydrochloride,** was injected intra- 
venously, at the rate of 1 mg. per pound of body 
weight, as a preanesthetic. 

An _ ultra-short-aecting barbiturate, thiamylal 
sodium,? was used as a general anesthetic in goat 5. 
In the rest of the goats, procaine hydrochloride 
was given, using a paravertebral-lumbar_ nerve- 
block technique. The animal was 
operating table in right lateral recumbency, and 
the left paralumbar fossa was clipped and scrubbed 
with liquid germicidal detergent. The operative 
site was masked with sterile drapes, and a verti- 
flank incision was made through the 


placed on the 


eal 6-inch 
* Turcapsol, produced by Pitman-Moore Co., Indianap 
olis, Ind. 
** Vetame, produced by E. R 
Brunswick, N.J. 


Squibb and Sons, New 


+ Surital, produced by Parke, Davis and Co., Detroit, 


Mich. 
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skin, and peritoneum midway between 
the last rib and the tuber coxa. 
The uterus was located and brought to the out 


incision was 


muscles, 


side through the incision. A 5-ineh 
made into each horn near the body of the uterus 
in all the animals exeept goat 10, in 
uterus was incised at four sites. The fetuses were 
delivered immediately, dried with towels, and 
placed in a eardboard box fitted with light bulbs 
to provide warmth. After extraction of the kids, 
the protruding fetal membranes were returned to 
the uterine horns. 
were closed with size 00 chromic catgut using a 
double row of continuous lock stitches. In goat 
10, 13, and 18, the uterine incision in one horn 
was sutured with size 00 chromic catgut using a 
double row of continuous lock stitches, and in the 


which the 


In goat 5, the uterine incisiens 


other, using a double row of interrupted Lembert 
stitches. In goats 1, 2, and 21, the uterine inci 
sions were closed with No. 50 nylon, using a double 
row of continuous lock stitches in one horn and a 


double row of interrupted Lembert stitches in the 


Fig. 1—Photomicrograph of uterine tissue from goat 10 on postoperative day 14. Two rows 

of continuous lock stitches of 00 chromic catgut were used in uterine closure. The incision can 

be seen running vertically through the center. Large dark masses are catgut surrounded by 
phagocytes; x 10. 
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UTERINE HEALING 
other. In goat 3 only, a single row of continuous 
lock stitches used in and a single 
row of interrupted Lembert stitches in the other. 
In all the goats, the 
and muscles of the 
with simple, interrupted, nonabsorbable sutures,* 


was one horn 


incisions in the 
wall 


peritoneum 
abdominal were closed 
and the skin was brought in apposition with simi 
lar sutures. 

The healing process of the uterine wounds was 
observed 3, 14, 18, 19, 21, 26, and 27 days after 
uterine closure. At the end of the designated 
period, the uterus was exposed under aseptic con- 
was performed. 
from 


ditions, and a biopsy One square 


inch of uterine tissue was obtained the site 
of the sear and placed in 10% formalin. 


were made for microscopic examination. 


Sections 


Results 

In this study, a general anesthetic was 
used in 1 goat. It did not adversely affect 
jengen & Co., 


Vetafil, produced by I Hannover, West- 


ern Germany 


Fig. 2—Higher magnification of incision shown in Figure 1. 
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the mother, but it had a depressive effect 
on the kids. To avoid this difficulty in sub- 
sequent cases, a combination of triflupro- 
mazine hydrochloride as a_ preanesthetic 
and procaine hydrochloride as a local anes- 
thetic was used. This combination produced 
satisfactory anesthesia and caused no ill 
effects in the kids. 

The lower left flank approach was most 
satisfactory. In the midline approach, the 
udder was a considerable hindrance. In- 
volution of the uterus after the removal of 
the fetuses was not so rapid as reported by 
other investigators, * and thus no difficulty 
was encountered in suturing the incision of 
the uterine horns. However, difficulty was 
encountered in separating the fetal mem- 
branes from the uterine mucosa. To allow 
them to separate naturally, the membranes 
were left inside the uterus after removing 


Fibroblastic proliferation is 


evident between the edges of the incision; x 50. 
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the kids. Fetal membranes were usually 
expelled postoperatively within 12 hours. 
The character of healing was studied in 
18 uterine incisions. Macroscopically, bi- 
opsy revealed that healing was complete in 
all animals except goat 3 which died of 
uterine infection after surgery. Most ani- 
mals had a clear scar with no adhesions to 
adjacent organs, but there were adhesions 
in goats 5 and 10. In goat 10, biopsy was 
made at two intervals, 14 and 19 days post- 
operatively. At the first biopsy, the wound 
was free of adhesions, but at the second, 
extensive adhesions were observed between 
the wall of the uterus and the omentum. 
Microscopically, the line of incision could 
be followed easily in the tissue obtained 
from goats 10 and 13 (Fig. 1, 2) at 14 and 
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18 days after surgery, respectively. In the 
other goats, this line could not be observed 
because complete healing had occurred. 
However, a preponderance of fibrous tis- 
sue denoted the probable site of the in- 
cision. Considerable differences were ob- 
served in the tissue reactions to different 
suture materials (Fig. 3,4). Around eat- 
gut sutures, a marked reaction was charac- 
terized by the presence of blood and nu- 
merous leukocytes. Around nylon sutures, 
there was little or no tissue reaction (Fig. 
5, 6). No evidence of smooth muscle regen- 
eration was observed. 


Discussion 


The histologic characteristies of the heal 
ing wound largely reflect the strength of 


Fig. 3—Uterine tissue 
from goat 1 on postopera- 
tive day 14. Two 
of simple, interrupted 
stitches of No. 50 nylon 
were used in uterine 
closure. The incision runs 
vertically through the 
center of the photomicro- 
graph and is almost indis- 
cernible. There is littie 
peritoneal reaction. The 
straight line through the 
tissue is an artifact; x 55 


rows 


Ly 
. 
4 
t 


Fig. 4—Uterine tissue 
from goat 21 on postoper- 
ative day 21. Two rows 
of continuous lock stitches 
of 00 chromic catgut were 
used in uterine closure. 
An intense peritoneal pro- 
liferation surrounds the 
catgut near the surface of 
the uterus. The line of in- 
cision cannot be definitely 
distinguished; x 40. 


Fig. 5—Nylon suture 
(No. 50) in goat uterus 
19 days postoperatively. 
Notice the honeycomb ap- 
pearance of the nylon and 
the lack of surrounding 
tissue reaction; x 40. 
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UTERINE HEALING AFTER CESAROTOMY 


Fig. 6—Chromic 00 catgut suture in goat uterus 27 days postoperatively. Phagocytes are infil- 
trating the catgut along its surface; x 50. 


the sear. Many differences of opinion on 
this subject have been expressed in the 
literature. A large group of obstetricians 
believes that healing of the uterine incisions 
oceurs through the formation of sear tissue, 
while another group firmly believes that 
healing takes place entirely through the 
process of muscle regeneration. The ability 
of smooth muscle fibers to grow and regen- 
erate has reported by many au- 
thors.!:7: However, no smooth muscle 
regeneration could be observed in this study. 
On the other hand, in all eight uteri of this 
microscopic study revealed fibro- 
blasts along the line of incision, with the 
scar composed mainly of connective tissue. 
These findings agreed with those of Schwarz 
and Paddock who observed fibroblasts 
along the incision line and showed that 
healing was the result of proliferation of 
fibrous Cheli 4 observed the 
formation of cicatricial tissue in uteri of 
cattle and sheep after cesarotomy. 

This study of 18 uterine scars showed 
results similar to those reported by Couve- 
laire and Losee,®:!° in that the deposition 
of a considerable band of fibrin between 
the eut edges formed the basis from which 


been 


tissue. also 


healing took place. Fibroblastic prolifera- 
tion, evident in all goats, could be consid- 
ered normal healing, indicating that the 
early process was similar to that in the 
guinea pig and rabbit, described by Schwarz 
and Paddock.?® 

In this study, three methods were used 


to close the uterine incisions. In goat 3, a 
single layer of interrupted Lembert stitches 
of No. 50 nylon was used to close the wound 
in one horn. In this case, the sutures gave 
way, leaving a gap of about 1 em., and the 
animal died three days after surgery. Post- 
mortem examination revealed that uterine 
contents had spilled into the abdominal 
cavity and peritonitis had developed. From 
this observation, it would appear that a 
single layer of No. 50 nylon did not pro- 
duce a safe closure. In the remaining ani- 
mals, a double row of continuous lock 
stitches or a double row of interrupted 
Lembert stitches was used to the 
uterine incisions. Both types of stitches 
gave good results, and healing was satis- 
factory in all cases. Two essential points 
for producing a better sear were observed. 
One was the inclusion of the entire wall of 
the uterus in the suture in order to secure 


close 


| 
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proper coaptation of the entire length of 
incision. The other was the prevention of 
infection. There is some difference of opin- 
ion as to whether the uterine wound should 
be closed with interrupted or continuous 
stitches. Greenhill and Bloom ® observed 
that closure with interrupted stitches 
yielded better scars than closure with con- 
tinuous stitches. Others!2:!* have pre- 
ferred continuous stitches. In this study, 
both types produced good results, but since 
the continuous lock-stitch technique was 
faster, it was preferred. 

Suture materials are an important fac- 
tor in a closure. The fact that a wide 
variety of suture materials has been used 
by many investigators in closing the uterine 
incision is sufficient indication that none is 
entirely satisfactory. Plain and chromic 
catgut, silkworm-gut, kangaroo tendon, 
silk, nylon, and metallic wire have all been 
employed. 

In this series of operations, No. 50 nylon 
and 00 chromic catgut were used. The 
former yielded more satisfactory results 
than the latter. With catgut, there was 
marked reaction around the sutures in most 
cases, and in 2 goats, 5 and 10, omental 
adhesions developed along tke incision line, 
probably as a result of stiff knots irritating 
the surrounding tissue. With nylon, little 
or no reaction occurred around the suture 
material and the uterine scar at the time of 
biopsy was free of adhesions. This was per- 
haps due to the fact that, since nylon has 
great tensile strength, fine materials could 
be used. thereby reducing the size of the 
foreign >ody. Further advantages of nylon 
are the’ it does not possess the power of 
capillary attraction, and it has a smooth, 
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nonirritating surface which causes less tis- 
sue reaction. 

According to Gamble,’ adhesions after 
cesarotomy are common. Similar inferences 
were not justifiable in this study since ad- 
hesions were found in only 2 goats. 
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Resanation Uterin post Cesarotomia in Capras 


In cesarotomias in 8 capras, 18 incisiones uterin esseva facite. 
a intervallos post le operation, e observationes macro- e microscopic esseva facite. 


Biopsias esseva executate 
In 1 eapra, 


duo incisiones uterin esseva saturate con nylon numero 5), le prime con un sol linea de simple, 
interrumpite punctatas Lembert, le altere con un sol linea de continue punctatas nodate. Le 
uso de un sol linea de simple, interrumpite punctatas non esseva repetite in ulle del altere 


capras. Illo non resultava in un clauditura 


suturate con catgut o con nylon, con le uso de un duple linea de 
le simple, interrumpite punctatas Lembert. 


o de duo linea: 


secur. Le incisiones in le 


altere capras esseva 


continue puncturas nodat 
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In le examine microscopic il esseva observate que le margines del vulnere 
integre incision esseva reunite per un precoce proliferation de fibroblastos 
sanguinee. Evidentia definite de tissu cicatrisante poteva esser vidite inter 14 e 
le operation. Regeneration muscular non poteva esser observate in le processo 


al longo del 
e capillares 
27 dies post 


resanatori. 
Quando catgut esseva usate in le suturas, il oceurreva sever reactiones tissular in 4 capras 
e adhesiones omental in 2. 


Nulle tal reaectiones esseva observate post le uso de nylon. 


Critical Tests with the Organic Phosphate Insecticide, 
Dimethoate, Against Gastrophilus spp. in the Horse, 
with Observations on Its Anthelmintic Action 


J. H. Drudge, D.V.M., Sc.D.; 8. E. Leland, Jr., Ph.D.; Z. N. Wyant, B.S., A.M.; 


G. W. Elam; and E. T. Lyons, B.S., M.S. 


SUMMARY 


Bot removal and anthelmintic activity 
of the organic phosphate, dimethoate, was 
evaluated in a series of 21 critical tests 
on horses. 

Selective action against Gastrophilus 
nasalis was quite evident. In tests with 
single doses via stomach tube, complete 
removal of both second and third instar 
G. nasalis resulted from doses as low as 
20 mg./kg. In contrast, only limited ac- 
tion against third instar Gastrophilus in- 
testinalis resulted from single doses as 
high as 80 mg./kg., which were toxic for 
horses. Second instars of G. intestinalis 
were more susceptible; in the aggregate, 
80% were removed by single doses of 20 
to 80 mg./kg. 

Administration in the feed markedly 
increased the efficacy against bots, and 
three daily doses at the rate of 20 mg./kg. 
removed more than 90% of both instars 
of both species. However, individual var- 
iation in the acceptance of medicated feed 
made this method of administration gen- 
erally difficult and unpredictable, and 
mild toxic reaction accompanied the 
treatment. 

The anthelmintic activity of dimethoate 
was limited but was generally enhanced 
by administration in the feed. Parascaris 
equorum was refractory to single doses, 
but an average of 70% were removed by 
three 20 mg./kg. doses in the feed. 
Limited data also indicated that adult 
Oxyuris equi were more effectively re- 
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moved by multiple daily doses in the feed. 
Post-treatment changes in strongyle egg 
counts were quite variable and, as an 
index of anti-strongyle activity, showed 
no consistent and striking reductions even 
in the feeding trials. 


INTRODUCTION 


Numerous investigations! have been 
made in recent years on the insecticidal 
activity of the organic phosphates or the 
so-called systemic insecticides. In the do- 
mestic animals, special attention has been 
directed toward the control of Hypoderma 
spp. in cattle, and Oestrus ovis in sheep. 
Activity against horse bots, Gastrophilus 
spp.,\has also been but to 
a lesser extent. More recently, the anthel- 
mintic action of these compounds in cattle 
and sheep has been under extensive study.! 

Diraethoate* is active against Hypo- 
derma spp.2 and Dermatobia hominis 7° 
in cattle and highly effective against Oes- 
trus ovis in sheep.t! Our preliminary 
trials+> have indicated it is also quite 
active against Gastrophilus spp. of the 
horse. In contrast, other investigators ® 
reported, ‘‘dimethoate failed to control 
bots in initial tests’? in their studies on 
eight organic phosphates. 

The present report covers all of the criti- 
cal tests that have been completed for the 
evaluation of dimethoate against bots, and 
includes observations on the anthelmintic 
action of dimethoate in the horse. 


Materials and Methods 
The 21 


were of mixed light horse breeding, and all of the 


test animals used in this investigation 


parasitic infections were naturally acquired. Two 


species of bots, Gastrophilus intestinalis and Gas 


* American Cyanamid compound CL 12,880 0,0-di 


methyl-S(N-methylearbamoyl-methyl) phosphorodithioate 
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trophilus nasalis, were present. Removal activity 
against these was of special interest; however, the 
fecal detected the passage of 
Parascaris adult female pinworms, 
was routinely 


also 
and 


examinations 
equorum 
The 


after a four- or five-day post-treatment feeal col- 


Oxryuris equi, necropsy made 
lection interval and included a search of the stom 
ach for bots, the small intestine for asearids, and 
the large intestine for remained 
after treatment. Activity against strongyles was 
evaluated pre- and egg 
on feees, using the same techniques outlined earlier 


pinworms that 


by post-treatment counts 
for similar tests in horses.’ 


Single doses of the drugs, given via stomach 
tube, were tested in 11 horses; dosage rates of 10, 
20, 40, 60, and 80 mg./kg. of body weight were 
used. In these animals, the grain ration was with- 
held on the morning of treatment; there were no 
Two drug formulations, 


parenteral solution and a 25% wettable 


other fasting procedures. 
a 50% 
powder, were used. 

Subcutaneous administration of the 50% 
teral solution tested in 2 yearlings 
mg./kg. and at 30 mg./kg. in 1 mare. 


paren 
was at 20 
Multiple daily doses were studied in 7 horses. 
Two of these used were largely palatibility trials; 
data obtained 
strongyles. Three preparations of 


however, some were on possible 
action against 
the drug, a 31% drench powder, a 25% wettable 
powder, and a 10% For ad 


ministration, each dose of the powder was mixed 


premix were used. 


with approximately one-half gallon of dampened 
from to 24 
medicated grain to 
31% drench powder 
wettable 
of the 
to the drug’s odor 


Varying periods of time, one 
hours, were required for the 
The 
was not as unpalatable as the 
der or the 10% premix. All 
given a preliminary exposure 
by placing a minute amount in the feed box for 


oats. 


be completely consumed. 
95¢ pow- 


horses were 


vas started. 


a day or two before actual treatment 


TABLE 


CriticaL TEsts WITH DIMETHOATE 
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Observations for clinical signs of toxicosis were 
made all animals. Pre-and post-treatment 
plasma cholinesterase determinations made 
on 1 horse by means of Michel’s method.” 


on 
were 


Results 


The removal of bots in 11 horses treated 
with single doses of dimethoate via stom- 
ach tube is summarized (Table 1). At 10 
mg./kg., no action against either species of 
bots was recorded. Dosages of 20 mg./kg. 
and above were, with one exception, 100% 
effective in the removal of both second and 
third instar G. nasalis. In contrast, the ae- 
tion of the same dosage rates on G. intesti- 
nalis was incomplete and quite variable. 
Second instars of this species were more 
susceptible than the third instars and, in 
the aggregate, the average removal per- 
centages were 80 and 11, respectively, for 
the range of doses from 20 to 80 mg./kg. 
Complete removal was observed in only 1 
horse, and this was at 60 mg./kg. 

At single oral dosages of 20, 40, and 60 
mg./kg., a 25% wettable powder formuia- 
tion was consistently more effective in re- 
moving both second and third instar G. in- 
testinalis than the 50% parenteral solution. 
Both formulations were equally effective 
against G. nasalis. 

Data pertaining to bot removal by mul- 
tiie daily doses administered in the grain 
ration are outlined (Table 2). Third in- 
stars of G. intestinalis were the most diffi- 
cult to remove, and a level of action above 
90% required doses of 20 mg./kg. for three 


1—Critical Test Data on the Efficacy of Single Doses of Dimethoate Against Second 


and Third Instar Gastrophilus intestinalis and Gastrophilus nasalis 


Horse Treatment 


Rate 
(mg 


kg.) 


moved 
Weight 
(Kg.) 


Prepa 


ration 2nd 3rd 


Number 


Dose vIA STOMACH TUBE 


10 
20 


SINGLE 
16 
661 
742 
740 


627 


50% Sol 
20 
20 
10 
10 
10 
40 
60 
60 


0 0 
30 os 0 ‘ 0 


= solution, parenteral; WP = wettable powder. 


intestinalis 


No. left 


2nd 


G. nasalis 


No. re 


% efficacy moved No. left % efficacy 


3rd 2nd 3rd 2nd 3rd 2nd «62nd = 3rd 


4 
No. re | 
343 0 0 0 80 0 0 0 ) 58 0 
245 0 0 1 254 0 0 0 0 0 0 
496 P 23 24 in 3 32 21 2 14 2 0 50 100 
2R4 » 17 1 2 34 a9 } 5 0 0 100 
7 230 0 6 0 °65 2 0 12 0 0 100 
706 334 F 78 6 13 11 86 15 4 26 0 0 00 100 
738 475 4 1 l 1 50 50 1 0 100 100 
693 139 J 61 12 26 7é 70 13 ) 52 0 0 100 100 
5 260 0 40 0 10 50 0 144 0 0 100 
702 11 > 190 20 0 0 100 100 25 53 6 0 100 100 
620 200 ] 50% Sol 0 0 ( 117 0 0 32 0 0 100 
gritty Srvare D gE. Scrct AN 
4 630 245 20 50&% Sol 1 0 0 115 100 0 0 I7 0 22 76 
749 505 107 2 0 10 0 0 100 
So), 
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TABLE 2—Critical Test Data on the Efficacy of Multiple Daily Doses of Dimethoate in Feed 
Against Second and Third Instar Gastrophilus intestinalis and Gastrophilus nasalis 


Horse Treatment 


No. re- 


Rate moved 


(mg 
kg.) 


Weight 
(kg.) 


Prepa- 


Number ration znd 


31% DP 
10% PM 
25% WP 
31% DP 
31% DP 
31% DP 
31% DP 


3x10 
6x10 
2x20 
3x20 
3x20 
3x20 
4x20 


622 332 
15 384 
698 309 
8 16 473 
M17 536 
625 315 
629 334 


PM = Two doses of 10% premix plus four doses of 31% drench powder; DP 


wettable powder; x= no observation made. 


consecutive days. In comparison, second 
instar G. intestinalis and third instar G. 
nasalis were more susceptible. Regimens 
of 10 mg./kg. for three and six days, re- 
spectively, were sufficient for 100% re- 
moval. Evaluation of the smaller doses 
against second instar G. nasalis was not 
obtained because of their absence in these 
animals. 

Observations on the anthelmintic action 
showed that single doses were devoid of 
action on ascarids and only partially effec- 
tive against mature O. equi (Table 3). In 


G. intestinalis 


No. left 


3rd 2nd 


G. nasalis 


No. re 
moved 


No. left 


“Qnd 3rd 2nd Srd 


% efficacy % efficacy 
3rd 2nd 3rd 


( 0 
61 57 > 100 
31 100 


91 5 100 100 
98 y 100 100 


=drench powder; WP = 


observed. In two of the three tests with 
single doses at the toxic levels of 60 and 
80 mg./kg., reduction of strongyle eggs 
per gram (EPG) was 75% or above (Table 
3). Likewise, in two of the three multiple 
dose tests at 20 mg./kg., reductions of 60% 
or above were recorded (Table 4). The con- 
sistency of the feces was softened by these 
treatments and tended to be a dilution 
factor in the post-treatment egg counts. 
Toxic manifestations of the drug were 
observed in several of the horses given 
single doses at the higher levels. The un- 


TABLE 3—Critical Test Data on Efficacy of Single Doses of Dimethoate Against Ascarids 


and Pinworms and Fecal Egg Count Data on Anti-Strongyle Actviity 


Parascaris equorum 


No. re 


Josage 
Dosag moved 


Horse (mg 
No kg.) 


% efficacy 


No. left 


Immat. Mat. Immat. Mat. Immat. Mat 


SINGLE DOSE VIA STOMACH TUBE 
16 10 0 
20 
20 
20 
40 
40 
40 
40 
60 
60 
80 


SINGLE DOSE, 


SUBCUTANE 


630 
705 


749 


20 
20 


30 


0 
0 
0 


Oxyuris equi & Strongyle eggs /Gm 
No. re No. Ly, No. No. % 


moved left efficacy before after change 


640 

380 

990 
x 
80 


x= no observation made. 


contrast, effective removal of both of these 
species was recorded in the multiple dose 
trials in which three or four daily 20 mg. 
kg. doses were fed (Table 4). Activity 
against strongyles was based on changes in 
fecal egg counts after treatment, and con- 
sistently high level reductions were not 


toward effects were moderate at 60 mg./ke. 
and consisted of softening of the feces for 
a day or two after treatment. At 80 mg. 
kg., a severe reaction was produced; the 
signs were severe abdominal pain, frequent 
watery defecations, rapid weakening, de- 
pression, and loss of appetite during the 


15 0 0 311 100 
58 16 0 36 100 
x x 0 2 ‘ x x 0 0 
x x x x x x x x 
44 75 0 7 100 
— 
— 
0 0 0 12 0 700 + ) 
0 3 0 4 14 22 400 + 
x xX 0 x x 
0 22 ° 0 6 13 32 90 i 
0 0 0 x 650 R40 29 
0 0 x x xX 
0 0 : 1 x 1,450 2,290 +58 
0 4 2 0 0 0 3 090 760 75 
0 0 2 x 5RO 120 79 
0 22 0 0 400 3R0 
0 0 6 0 27 90 1,740 1.070 8 ?. 
0 0 4 0 0 0 130 60 
| [| 0 0 0 0 40 50 
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first day after treatment. The horse re- 
mained quite weak and depressed for an 
additional day, during which little hay or 
grain was consumed and fecal output was 
much reduced. By the third day, the ap- 
petite had returned and the feces became 
nearly normal in consistency and amount. 
In comparison with the pretreatment value, 
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ings. Another of the organic phosphates, 
Bayer L 13/59,* has been reported © as only 
slightly more effective against G. nasalts 
than G. intestinalis. The location of G. 
nasalis just beyond the pylorus in the small 
intestine would favor contact with the 
drug; this physical factor may be partially 
accountable for the selective action. How- 


TABLE 4—Critical Test Data on the Efficacy of Multiple Daily Doses of Dimethoate Against 
Ascarids and Pinworms and Fecal Egg Count Data on Anti-Strongyle Activity 


Parascaris equorum 
No. re 


moved 


Mat 


Dosage 
Horse 


No. left 


Immat Immat. Mat Immat. Mat 


0 0 
0 1 
0 0 
x x 
3 3 100 67 

1 100 RR 


1 
20 14 


=no observation made 


activity was 
markedly reduced within four 
hours after treatment and remained at 
this low level during the four-day post- 
treatment observation period. 

In the multiple daily dose feeding trials, 
the only apparent untoward effect was the 
changing of the feces to a soft, mushy con- 
sistency. This was observed only in the 
trials at 20 mg./kg. It generally started on 
the second day of treatment and persisted 
for three or four days after the last dose 
was fed. About half of the animals were 
reluctant to eat the medicated grain, and 
difficulty was encountered in getting them 
to consume the prescribed course of treat- 
ment. This was observed at both dose rates 
and at both the beginning and ending of 
the various treatment periods. 


cholinesterase 
(67% ) 


the plasma 


Discussion 


The bot removal action of dimethoate 
showed definite species selectivity in these 
Gastrophilus nasalis was relatively 
susceptible and was effectively removed by 
single doses as low as 20 mg./kg. Gastro- 
philus intestinalis was more refractory and 
was only partially removed by single doses, 
including those in the toxic range (60 to 
80 mg./kg.). A selective activity against 
G. nasalis was previously reported* for 
the piperazine-carbon disulfide complex, 
although subsequent unpublished observa- 
tions have not borne out the earlier find- 


tests. 


% efficacy 


Oxyuris equi & Strongyle eggs/Gm. 


No. re No a7 No No A 


moved left efficacy before after change 


0 


3 1,800 
x 880 
x x 

x 430 
x 450 
) x 
) 410 


ever, this tends to be refuted by the tests 
on toluene,!2? where G. intestinalis was 
more effectively removed than G. nasalis. 
Thus, the present observations on dimeth- 
oate are the first to show a definite species- 
selective action on bots in which G. nasalis 
is more susceptible than G. intestinalis. 
There was also selective action in the 
more effective removal of second instars of 
G. intestinalis than the third instars of this 
species. However, even single oral doses 
did not result in their complete removal 
except in one animal given 60 mg./kg., 
which was in the toxic range. Greater sus- 
ceptibility of the earlier instars of both 
Hypoderma spp. and Oestrus ovis has also 
been reported.*:'! A similar differential 
action of dimethoate on G. nasalis was not 
observed in this study because of the effec- 
tive removal of both stages of this species 
at 20 mg./kg., which was just one inere- 
ment above the minimal level tested. 
The partial effectiveness following 
cutaneous administration indicates a sys- 
temic action bv dimethoate similar to that 
observed ® for Kayer L 13/59. The species- 
selective action was also evident in these 
tests, but the general removal + «icacies 
tended to be lower than those resulting 
from corresponding dosages administered 
via stomach tube. Higher dose rates by the 
subcutaneous route did not appear feasible 


sub- 


* Dipterex or Dylox, Chemagro Corporation, New York, 
N.Y 


No kg.) 
622 3x10 | +15 
15 6x10 0 56 
698 2x20 1 
816 3x20 x 60 
M17 8x 20 x 117 
625 3 0 
629 5 69 
4 
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because of the relatively large volume of 
solution required and consequently were 
not tested. 

Increased efficacy on bots following ad- 
ministration by incorporation in the feed 
was reported *° in the initial trials on di- 
methoate; this also was a consistent obser- 
vation throughout the present study. This 
has also been recorded for Bayer L 13/59 
and DDVP by other workers.6 Thus, this 
feature appears to be characteristic for the 
group of organic phosphates in the horse. 
A plausible explanation offered © is that the 
slow consumption of the drug in the feed 
provides efficacious levels for longer periods 
than those following stomach tube adminis- 
tration. 

To obtain high-level removal (90%) of 
all bots (ineluding the third instar G. in- 
testinalis) by administration in the feed, 
three daily doses at the rate of 20 mg./kg. 
were required. This number of doses would 
appear to limit the practical application 
of present preparations of dimethoate, be- 
cause the offensive odor and unpalatable 
nature make the consumption of medicated 
feed generally difficult and unpredictable. 
Individual variation of the animals rather 
than the dosage level was largely respon- 
sible for the varied acceptance of the medi- 
cated feed. Some horses were quite relue- 
tant to eat a grain ration containing the 
drug at the rate of 10 mg./kg., whereas 
others readily consumed twice this dosage. 

Selective removal of second instar bots 
was also quite evident in the feeding trials. 
The present tests did not determine the 
minimal effective dose regimen because the 
lowest dosage tested (3 doses at 10 mg./kg. ) 
was still 100% effective on the second in- 
stars. Fv-ther investigation along these 
lines would offer the possibility of practi- 
cal application for bot control by exploiting 
the selective removal of the second instars 
through the use of small doses at intervals 
during the bot transmission season. 

The current practice of delaying treat- 
ment for bot removal until after transmis- 
sion has ceased in the late fall cannot be 
regarded as a good therapeutic practice. 
It does afford perhaps the maximum meas- 
ure of bot control that any one treatment 
could achieve, because the bots have accu- 
mulated to their maximum number by this 
time; however, it does ignore the harmful 
effects on the animal during the long period 
of time in which the bots are accumulating. 
This one-treatment practice has evolved in 


part from and has been conditioned by the 
traditional drug, carbon disulfide, which is 
difficult to administer and generally haz- 
ardous to use because of its toxic nature. 
Thus, an effective agent easily adminis- 
tered at intervals during the bot trans- 
mission season would afford a good measure 
of improvement in the therapy for bots of 
the horse. 

Although the anthelmintic activity of di- 
methoate was quite limited in these tests, it 
was enhanced by administration in the feed; 
this has been generally detrimental to 
the action of other anthelmintics. The most 
apparent improvement by feed administra- 
tion was efficacy against Parascaris equo- 
rum, which was refractory to single doses 
but partially (70%) removed by three 20 
mg./kg. doses in the feed. Limited evidence 
also indicated that the foregoing treatment 
in the feed was more effective against adult 
female Oxyuris equi than the single doses 
via stomach tube. In contrast, using reduc- 
tions of strongyle egg counts on feces after 
treatment as an index of possible anti- 
strongyle activity, there were no consistent 
and striking changes even in the feeding 
trials. Softening of feces, which generally 
resulted after treatment, has to be taken 
into account as a dilution factor in the 
interpretation of the lower strongyle egg 
counts after treatment. 

The toxie reactions observed for dimeth- 
oate in the present trials were similar to 
those described by others® for organic 
phosphates in the horse. Effects on the 
gastrointestinal tract were dominant, and 
a transient softening of the feces was the 
most common evidence of a mild toxic re- 
action. This was seen in horses treated with 
single doses at 60 mg./kg. by stomach tube 
and with multiple daily 20 mg./kg. doses 
in the feed. A severe toxic reaction was 
produced in the horse given the highest 
(80 mg./kg.) single dose in the tests. The 
reaction was characterized by severe gastro- 
intestinal disturbance and was accompanied 
by generalized weakness and depression. 
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SUMMARIO IN INTERLINGUA 


Tests Critic, con le Insecticida a Phosphato Organic “Dimethoato,” 
Contra Gastrophilus spp. in le Cavallo, con Observationes in 
Re Su Action Anthelmintic 


Le suppression de larvas de gastrophilo e le activitate anthelmintic del phosphato organic 
**dimethoato’’ 

Action selective contra Gastrophilus nasalis esseva evidente. In tests con administrationes 
unic per medio de tubos gastric, le complete suppression de G. nasalis in tanto le secunde 
como etiam le tertie instar esseva jam effectuate con 20 mg/kg. Per contrasto con isto, un 
solmente restringite action contra G. intestinalis in le tertie instar esseva notate post doses 
unic augmentate usque al magnitude de 80 mg/kg, le qual es toxie pro cavallos. G. intestinalis 
in le secunde instar esseva plus susceptibile. In summa, 80% de istos esseva eliminate per 
doses unic de inter 20 e 80 mg/kg. 

Le administration del agente in le forrage augmentava marcatemente le efficacia de illo 
contra le larvas de gestrophilo, e tres tal doses diurne de 20 mg/kg eliminava plus que 90% 
de ambe le mentionate species in tanto le tertie como etiam le secunde instar. Tamen, varia 
tiones individual in le maniera in que le animales acceptava le medicate forrage rendeva iste 
modo de administration generalmente difficile e inpredicible, e leve formas de reaction toxic 
accompaniava le tractamento. 

Le activitate anthelmintic de dimethoato esseva limitate, sed—a generalmente parlar—illo 
esseva promovite per un administration con le forrage. Parascaris equorum esseva refractori 
contra doses unic, sed 70% de illo (al media) esseva eliminate per tres doses diurne de 20 
mg/kg in le forrage. Restringite datos indica que etiam adultos de Oxyuris equi esseva 
eliminate plus efficacemente per multiple doses diurne in le forrage. Le alterationes post- 
therapeutic in le numerationes de ovos de strongylo esseva multo variabile. Interpretate 
como indice de activate anti strongylo, ille numerationes revelava nulle uniforme o frappante 
reductiones mesmo post administration in le forrage. 


esseva evalutate in un serie de 21 tests critic in cavallos. 


Preliminary Findings Concerning the Formalin 
Inactivation of Herpes B Virus 


James E. Prier, D.V.M., Ph.D., and Normand R. Goulet, Ph.D. 


SUMMARY 


Inactivated herpes B virus was demon- 
strated to be capable of inducing pro- 
tection in rabbits. Such protection was 
not associated with high levels of neu- 
tralizing antibody. Safety tests on treated 
suspensions showed that, unless inacti- 
vation was carefully controlled, residual 
amounts of virus persisted for periods up 
to 21 days after chemical treatment. 
Preliminary work suggests the existence 
of strain differences among B virus iso- 
lates. 


INTRODUCTION 


Infection with herpes B virus is a risk 
in people using monkeys in biologic work 
or in persons having contact with Old 
World primates.!: 4 7:8. 10-12 

The two points of logical interference in 
the epidemiology of herpes B virus infec- 
tion are to render either man or the mon- 
key immune to the disease. There is no 
evidence available to indicate whether the 
monkey is capable of harboring and dis- 
seminating virus after immunization with 
parenterally administered killed antigen. 
Also, vaccination of monkeys would require 
the supervised treatment of large groups 
of animals at or near their natural habitat. 

Experimental immunizing agents for 
herpes B virus have been reported.*: > These 
authors produced formalin-inactivated vac- 
cines that were capable of protecting rab- 
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bits against herpes B virus chat! he 
present report confirms sume of their re- 
sults, and extends certain aspects of experi- 
mental immunizing agents for herpes B 
virus with particular reference to inacti- 
vation, potency, and safety. 


Materials and Methods 


Virus Strains.—Three strains of herpes B virus 
were used in these studies. The O’Hara strain 
was obtained from Dr. F. P. Nagler, Laboratory 
of Hygiene, Department of National Health and 
Welfare, Ottawa, Ontario, as first passage cell cul- 
tured virus that was originally isolated from a 
human being with a fatal case of herpes B virus 
infection. Second and third rabbit kidney cell 
culture passages were made in this laboratory on 
June 17, 1958, and July 7, 1958, and the latter 
was used for seed virus for experimental pur- 
poses. The Sabin strain was obtained from Dr. 
Albert Sabin, University of Cincinnati, in Febru- 
ary, 1958, as a single passage of virus originating 
from a human being with a fatal case of herpes 
B virus encephalitis. The strain was maintained 
in this laboratory by serial passage in rabbit kid- 
ney cell eulture. Preliminary studies were done 
using a strain of virus from Dr. J. G. Crawford, 
of the Biological Laboratories of Chas. Pfizer & 
Ine. This agent, designated as herpes B 
virus strain 3088, was recovered from monkey 
kidney cultures, and was received as the 3rd 
monkey kidney culture passage. This strain of 
virus has some characeristies typical of herpes 
B virus, but has less virulence for rabbits. 

Rabbit Kidney Cell Cultures.—Roller tubes and 
i-liter Blake botties were prepared with kidney 
cells obtained from 3- to 4-week-old rabbits. Cells 
were removed from kidney tissue with 0.25% 
trypsin (Difeo 1:250) for 2 hours at room tem- 
perature in a 500-ml. fluted flask. The cells were 
harvested every 30 minutes by pouring off the 
supernatant fluid and renewing the volume with 
fresh trypsin. Harvested material was pooled at 
the completion of the trypsinizing runs. Cells 
were counted in a hemacytometer, and 20 million 
cells were placed in each 1-liter Blake bottle. The 
volume of nutrient fluid was 100 ml. per Blake 
bottle. Medium 199 with 10% calf serum containing 
100 units of penicillin and 100 ug. of streptomycin 
per milliliter of medium After three 
days of growth at 37C., a change of medium was 
made to medium 199 containing 5% 


Co., 


was used. 


ealf serum. 
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FoRMALIN INACTIVATION OF HERPES B Virus 


On the 5th day, a final 
medium 199 containing 2% calf serim and cell 
cultures employed for virus studies. The pro- 
cedures employed for the growth and maintenance 
of monkey kidney cultures were essentially similar 
to the methods reported by Youngner,™ but over- 
night cold trypsinization wa. employed in all cases. 
The medium employed for growth and maintenance 
of these cultures was 199 and 2% calf serum. 


change was made to 


Virus Suspensions.—Approximately 1.0 ml. of 
stock virus with an average titer of 10°" TcIDs/0.25 
ml. was added to each Blake bottle containing 
rabbit tissue. After 48 to 72 hours of growth at 
37 C., the cells were completely destroyed by the 
virus, and the fluid was harvested and stored in 
9-liter bottles at 4C. Prior to inactivation, the 
virus fluids were filtered through a coarse fritted 
glass candle under 2 to 4 lb. of positive pressure. 

Titration of Viruses.—The quantity of virus 
was estimated by determining the limiting dilu- 
tion which could initiate infection in 50% of the 
cell cultures inoculated. Serial half-log dilutions 
of virus were prepared and 0.25-ml. aliquants of 
each dilution were added to four tubes of cell 
culture. The cultures were incubated at 37 C. and 
examined each day for seven days for cytologic 
changes characteristic of herpes B virus infection. 

Inactivation.—The details of the study were 
obtained with the Sabin and O’Hara strains, and 
one lot of vaccine was prepared from strain 3088 
for cross-immunization studies. Varying concen- 
trations of formalin from 1:400 through 1: 4,000 
were used to inactivate herpes B virus suspensions. 
Temperatures and times of inactivation also 
varied. The total amount of formalin required 
was added in a volume of Hanks’ balanced salt 
solution that was 10% of the total volume inacti- 
vated. Samples were removed from the inactivat- 
ing material for virus assay at different times, 
depending on the inactivation method. Samples 
for virus assay were neutralized with sodium bi- 
sulfite and dialyzed against 20 volumes of phos 
phate-buffered saline solution (pH 7.2). Solutions 
of &-propiolactone were used to inactivate some 
vaccines. When used alone, 800 mg. per liter was 
used; and in combination with formalin, 400 mg. 
per liter were adaed. 
taet with the inactivating agents for 96 
before rabbit inoculation. 

Safety Tests—Rabbit Inoculation.—Each rabbit 
was given 10 ml. of vaccine by the following 
routes: 4.5 ml. in each of two sites subcutaneously, 
and 0.5 ml. in each of two sites intradermally. 
Animals were observed for 21 days for signs of 
local or systemic disease. 


Vaecine virus was in ¢on- 
hours 


Serum Neutralization.—Serum neutralization 
tests were performed by mixing equal portions of 
virus (approximately 100 TCIDs) with dilutions of 
serum and incubating the mixtures for two hours 
at 37C. This was followed by overnight incuba 
tion at 4C. before testing for neutralization in 
rabbit kidney 

Cell Culture Tests.—A total of 200 m! 


tissue cultures. 


of each 


vaceine was placed on cultures of rabbit kidney. 
Forty milliliters was placed in each of five 1-liter 
bottles of monolayer culture, and 60 ml. of me- 
dium was added to each bottle. After seven and 
14 days of incubation, fluids were removed from 
the bottles and put in roller tubes containing 
rabbit kidney cells. One milliliter cf fluid was 
placed in each tube. After 21 days of incubation, 
the original cell sheets were scraped into the me- 
dium, and 1 ml. of cell suspension was placed in 
each of 20 roller tubes of rabbit kidney monolayer 
cell culture. The tubes, employed in subpassages, 
were read daily for seven days. 

Potency Tests—The antigenic activity of vac- 
cines was tested in rabbits. An antigen dose- 
response procedure was used, including the fol- 
lowing doses of vaccine; undiluted, 1:5, 1:25, 
and 1:125. Two injections of 1 ml. each were 
given 14 days apart. Fourteen days after the sec- 


ond injection, immunity of all animals, including 
unvaccinated controls, was challenged with 1,000 
rabbit LDs of herpes B virus. The total 1-ml, dose 
was injectei in equal amounts at five separate 


intradermal sites. Potency was expressed as the 
dose of vaccine required to protect 50% of the 
experimental animals. 

Antiserum Production.—Herpes B virus grown in 
monkey kidney cells was inactivated with 1: 4,000 
formaldehyde for 48 hours at 37C. The material 
was then stored at 5C. without neutralization of 
the formaldehyde. Five milliliters of material was 
injected intraperitoneally into rabbits three times 
per week for a total of four weeks. Blood sampies 
were obtained one week after the last injection, 
and serum was removed and stored at —17 C, 


Results 

Inactivation.—It had been demonstrated 
previously in this laboratory” and in 
others that prolonged exposure of for- 
malin-treated virus at 36 C. was associated 
with a loss in antigenicity. Accordingly, 
the majority of inactivations were con- 
ducted at 4C. It soon became apparent 
that a major problem in the inactivation 
procedure was the presence of residual 
live virus for varying periods. 

In Fig. 1, curve A shows the effect of 
adding 1:1,000 formalin to a herpes B 
virus suspension at 4C. Although most 
of the virus had been inactivated, there 
was a definite ‘‘tailing effect’’ and conse- 
quent persistence of a low concentration 
of active virus. Curve C shows the results 
of doubling the concentration of formalin 
at eight bours of inactivation. Complete 
inactivation resulted, but this material 
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HOURS 


Fig. 1—Effects of formalin and heat on herpes B 
virus preparations. 


also was devoid of antigenicity when sub- 
sequently tested in rabbits. 

Curve B illustrates the decreased inacti- 
vation time achieved by introducing a 
hour period of 37C. 


22- 
inactivation eight 
hours after formalin addition. 

The rate of inactivation of untreated 
herpes B virus suspension held at 5 C. was 
determined. The effect of storage in serum- 
free medium on herpes B virus viability 
is shown (Fig. 2). These fluids contained 
polio virus, and the herpes B virus was a 
natural contaminant of the cell substrate. 
The phenomenon of persistence at low 
virus concentration also was demonstrated, 


LOT NUMBER 
* 


a 


VIRUS TITER 


WEEK 


Fig. 2—Inactivation of untreated herpes B virus 
at 5C. in serum-free medium (tissue culture 
titrations). 
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TABLE 1—Potency of Herpes B Virus Vaccines in 
Rabbits 


Survival ratios following challenge 

ot with herpes B virus* 

Vaccine 

dilution 9e 9d 
Undiluted /6 2 3/4 

: ‘4 

1:25 as 4 H 
1:125 N.D. N.D. N.D. N 

None 5 1 0/5 

Vaccines 5 and 8a —=1:1,000 formalin at 4C., tested 
after 96 hours: 9¢=—1:1,000 formalin at 4 ¢ + 400 
mg./liter 8-propiolactone, after 10 hours, and tested after 
96 hours; 94=1:1,000 formalin for 24 hours, at 37 O. 
with subsequent storage at 4C.; 9e=—1:1,000 formalin 
at room temperature (controlled temperature 78 F.) for 
24 hours with subsequent storage at 40C.; and 9f= 
8-propiolactone (800 mg./liter), 400C., tested after 96 
hours. 


* Survival/total tested. ** N.D.= not done. 


whereas materials with higher titers lost 
virulenee rather rapidly. 

Safety—The preparation of a vaccine 
free of residual live virus was crucial. The 
safety testing of these vaccines in tissue 
culture indicated that live virus was pres- 
ent for longer than 14 days when cold- 
inactivation was employed. Such tests were 
consistently negative after 28 days of in- 
activation at 4C. 

Potency.— Determination of the immune 
response was based on survival of immu- 
nized rabbits following a direct live-virus 
challenge which regularly resulted in 100% 
mortality of the controls. An antigen dose- 
response method was considered a more 
sensitive method of demonstrating anti- 
genicity than the use of single or multiple 
injections of undiluted vaccine. 

The protection afforded rabbits with 
some of the vaccines tested is shown ( Table 
1). These data leave no doubt that a herpes 
B virus vaccine can induce resistance in 
rabbits. 

Thus far, resistance to herpes B virus 
paralysis and death has been 
with antibody levels as low as 1:4 and 1:8. 
Low antibody levels in laboratory ani- 
mals after injection of formalin-inactivated 
herpes B virus were reported also.* The 
data (Fig. 3) indicate that these levels are 
associated with protection of rabbits. The 
protective levels were obtained with undi- 
luted vaecine and in some eases with vac- 
cine that had been diluted 1:5. The data 
do not establish whether higher antibody 
levels after challenge are the result of giv- 
ing live virus or whether the antibody 
response is merely due to a third inocula- 
tion of antigen, per se. 


associated 


1114 
10 60 
ve 
190 2° \ 
\ 
\ 
19 30 
\ 
10 ‘ *a° 
\ . . 
= 8 
a i2 20 28 36 44 52 60 68 
40,4 
\ 
\ 4 
\ 
4 
\ 
Z | 
« 
] 
( “Ne 


Am. J. VET. RES. 
NOVEMBER, 1961 


The results obtained when rabbits were 
immunized with the strain 3088 agent in- 
activated with 1:1,000 formalin at 4 C. are 
shown (Table 2). This vaccine was pre- 
pared by the same methods and with ap- 
proximately the same results as obtained 
with the other two strains of virus. Con- 
trol rabbits employed in this experiment 
were given vaccine 9e (Table 1; 1:1,000 
formalin for 24 hours at room temperature 
with subsequent 4C. storage) which in- 
cluded an adjuvant (Arlacel A-Drakeol). 
Their immunity was challenged with Sabin 
strain virus. 

In tissue culture cross-neutralization 
tests, a ‘‘one-way cross’’ was demonstrated 
between the Sabin strain and the strain 
3088 agent. It can be seen (Table 3) that 
neutralization titers were obtained in the 
homologous systems. However, Sabin strain 
antiserums failed to neutralize the strain 
3088 virus, whereas 3088 antiserums neu- 
tralized the Sabin strain of herpes B virus. 


Discussion 


It is clear from these studies and others * 
that antigenic material capable of protect- 
ing rabbits from direct herpes B virus 
challenge can be prepared by tissue culture. 
That low levels of antibody were associated 
with protection of rabbits also was demon- 
strated. 

The data for the 3088 strain, although 
preliminary and incomplete at present, in- 
dicate that strain differences, heretofore 
unrecognized, may be involved, or that 
agents having close antigenic similarity to 


After 
Challenge 


Before 
Challenge* 


Serum Dilution 


Fig. 3—Effect of challenge virus on circulating 
antibody levels in surviving immunized rabbits. 
*Serum from 3 rabbits not tested. 
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TABLE 2—Potency of Strain 3088 Herpes B Virus 
in Rabbits 
Survival ratio after 
challenge with 
Sabin strain* 


Sabin 
strain 
herpes 
B virus 
vaccine** 


Strain 
3088 
herpes B 
virus 


Vaccine 
dilution 
Undiluted 4/4 4/4 
1 2/4 1/4 
1:25 2/4 0/4 
* Survival/total tested. ** Vaccine 9e (Table 1) plus 
Arlacel A—Drakeol. 


herpes B virus may occur in monkeys. The 
lesions obtained after intradermal inocu- 
lation of rabbits with the 3088 strain were 
not entirely characteristic of herpes B virus 
lesions. Additional information will have 
to be obtained to determine if rabbits so 
inoculated are as susceptible as those inoc- 
ulated with the Sabin or O’Hara strains 
of herpes B virus. The question now raised 
is whether a vaccine strain could be se- 
lected on the basis of comparative anti- 
genicity and virulence, and indeed, whether 
a polyvalent vaccine may be necessary for 
adequate protection against the disease. 

The problem of safety of the vaccines is 
an important consideration. The question 
of man’s relative sensitivity to infection 
with herpes B virus has been raised.* The 
only tests available at present are rabbit 
injection and cell culture infection. It is 
known that both living systems are equally 
susceptible to untreated virus, but forma- 
lin-treated, partially inactivated virus is 
more virulent for cell culture than for 
rabbits. It, therefore, becomes of interest 
whether man is more susceptible 
than other biologic systems. 


less or 


Many other factors, including the per- 
sistence of immunity and the number and 
spacing of injections, must be known before 
a rational approach to immunization can 
be determined. 


TABLE 3—Cross-Neutralization Tests in Tissue 
Culture with Herpes B Virus, Sabin and 
3088 Strains 

Reciprocal of 


antiserum 
dilution 


B-II 32 


3088 32 


Anti 
serum 


Virus 
(100 TCID,, 


Sabin B-II 
Sabin B-II 
3088 16 


0 


1:16 
1:4 
woe 
| | 
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Constatationes Preliminari Concernente le Inactivation de Virus B de Herpes 


Esseva demonstrate que inactivate virus B de herpes es capace a inducer protection in 


conilios. 


Iste protection non esseva associate con alte nivellos de anticorpore neutralisante. 


Tests de securitate con tractate suspensiones revelava que si le inactivation non es cautemente 
controlate, quantitates residue de virus persiste durante periodos de usque a 21 dies post le 


tractamento chimie. 
isolatos de virus B. 


Studios preliminari suggere le existentia de differentias de racia inter 
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The Leukotaxic Properties of Uterine Exudates as Related to 
the Endocrine-Controlled Uterine Defense Mechanism 


H. W. Hawk, Ph.D.; G, D. Turner, B.S.; 


SUMMARY 


Rabbits were killed one, two, and four 
hours after experimental inoculation with 
Escherichia coli. The influx of leukocytes 
into uterine lumens was quickest and 
most intense in estrous rabbits and pro- 
gressively less in ovariectomized and 
pseudopregnant ones. However, cell-free 
uterine flushings from the pseudopreg- 
nant rabbits evoked the greatest leuko- 
cytic response in rabbit skin and in rab- 
bit uteri and increased skin capillary 
permeability to the greatest degree. The 
results suggested that hormonal control 
of the uterine defenses was accomplished 
primarily through mechanisms other than 
the capacity of uterine contents to attract 
leukocytes or increase capillary permea- 
bility. 

Further evidence was obtained that 
progestins inhibit the passage of leuko- 
cytes through uterine tissues. 


INTRODUCTION 


The ovarian status’ of an animal influ- 
the uterine defense mechanisms 
during the first few hours of induced in- 
fection.*»> Hormonal effects are shown by 
variation in the time required for develop- 
ment of the leukocytic response and time 
required for clearance of bacteria from the 
uterine lumen. Progesterone delays the 
leukocytic response markedly; estradiol 
stimulates the response." 


ences 


The mechanisms by which ovarian hor- 
mones influence the leukocytie response are 
not clear. One possibility could be hor- 
monal control of the capacity of the uter- 
ine contents to attract leukocytes.* Another 
possibility might be hormonal control of 
the ability of uterine contents to change 
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capillary permeability during the early 
stages of inflammation. 

This report concerns investigations on 
the leukotaxic properties of uterine exu- 
dates collected during the early stages of 
induced infection, the ability of these exu- 
dates to increase capillary permeabilit; , 
and the relationship of these factors to hor- 
monal control of the leukocytic response. 


Experiment 1—The Effect of Uterine 
Exudates in Skin 


Methods.—Estrous, pseudopregnant, and ovari- 
ectomized rabbits were used.° Each rabbit was in- 
oculated in one ligated uterine horn with ap- 
proximately 200 million Escherichia coli cells in 
0.2 ml. of 0.87% NaCl solution. Rabbits were killed 
one, two, or four hours after inoculation. Each horn 
of each rabbit was flushed with sterile saline solu- 
tion to a volume of 0.35 ml. In some instances, 
the uninoculated horn was flushed with 0.2 ml. of 
the same Esch. coli suspension used in the inocu- 
lum, followed by a small amount of ‘saline solution. 
Specimens from each horn were fixed in Bouin’s 
solution. 

The flushings were centrifuged at 100g for 10 
minutes to remove leukocytes and again at 2,500g 
for 40 minutes, which removed almost all of the 
remaining Esch. coli. 

Sediment from the centrifugations was used to 
estimate the number of leukocytes flushed from 
each uterine horn and to determine grossly the 
extent to which Esch. coli had been cleared from 
the uterine lumens. 

The depilated abdominal skin of rabbits in the 
follicular phase of the estrous cycle was used as 
test sites for the uterine flushings. A 27-gauge 
hypodermic needie was passed through the skin for 
20 mm. and 0.1 mil. of each flushing was 
deposited intradermally. Other injections into 
each recipient rabbit also included the centrifuged 
flushings from uninoculated sterile 
saline solution. The sites were always 
spaced at least 30 mm. apart. 

Each recipient rabbit was given intravenously 
70 mg. of trypan blue dye in saline solution. The 
degree of dye accumulation over each skin injee- 
tion site was graded on a scale from 0 to 8 at 
several time intervals after injection; 0 indicated 
coloration no greater than that of uninjected skin, 
8 indicated extremely coloration. In a 
preliminary trial, suggestion that 
dye exudation into the skin influenced the leuko 
eytic infiltration of the area greatly. 


about 


horns and 
injection 


intense 
there was no 
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Two hours after the skin injections, the recipient 
rabbits were killed and injection site 
excised and fixed in Bouin’s solution. The excised 
skin specimen included the panniculus carnosus 
and underlying fascia. Specimens usually 
slightly over 1 em. in diameter. 

Skin specimens were sectioned at 9 uw and stained 
with hematoxylin and eosin. Microscopie examina- 
tion was made of at least 16 sections, covering a 
width of about 3 mm. through the center of each 
specimen, 

The intensity of the leukocytie infiltration in 
skin and in uterine tissues of exudate-donor rab- 
bits was graded on a seale from 0 to 8. A lack of 
response was 0, a doubtful response was 1, a defi- 
nite response but limited in intensity was 2, ete., 
with 8 indicating a With the 
uterine horns, corrections were made in the indexes 
of leukocytie infiltration to account for variation 
in length. The indexes thus reflect total leukocytie 
infiltration of each uterine horn. 


each was 


were 


severe response. 


Results—Mean numerical scores are 
listed for leukoeytic infiltration of the in- 
oculated exudate-donor uteri, leukocytic 
infiltration of the skin exudate-injection 
sites, and dye coloration of the skin injec- 
tion sites (Table 1). Also given are the 
mean numbers of leukocytes flushed from 
uteri of rabbits killed four hours postinocu- 
lation (footnote, Table 1). 
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and ovariectomized rabbits over the three 
time intervals differed little in leukotaxic 
properties. Nevertheless, the leukocytic re- 
sponse in uteri of these rabbits differed 
markedly. Statistically, the leukocytiec re- 
sponse to uterine inoculation in exudate- 
donor rabbits was independent of the leu- 
kotaxic properties of the uterine contents 
(P<0.01). 

Saline solution alone, when injected into 
the skin, caused a slight leukocytic response 
in some rabbits, possibly the result of in- 
jury to the skin tissues. There was a more 
intense response to flushings from uninocu- 
lated horns, the greatest being to those 
from pseudopregnant rabbits. Thus, ‘‘leu- 
kotaxic’’ substances normally present in 
the uterus probably accounted largely for 
the greater leukotaxie properties of inflam- 
matory exudates from pseudopregnant 
rabbits. 

Flushings from uninoculated horns 
flushed with Esch. coli suspensions evoked 
a greater response than did flushings from 
similar horns flushed with sterile saline 
solution, suggesting that nonecellular leuko- 
taxic substances were present in the uterine 
inoculums. The greatest responses were 


TABLE i—tThe Leukocytic Response of Rabbits to Uterine Inoculation with Escherichia coli and the 


Leukocytic infiltration of 
exudate-donor uteri 
Ovariec 


Hours of Pseudo 


inflam- Estrous pregnant tomized Leukocytic 
mation rabbits rabbits rabbits infiltration 
1 1.0(6)* 0.4(6) 0.0(4) 3.9 
2 5.6(6) 3.9(6) 2.0(4) 5.4 
1 7.3(4) 5.8(4) 5.0(2) 4.7 


Mean numbers of leukocytes flushed from uterine lumens 


Response in Skin to Exudates from the Inoculated Uteri 


Estrous 


Skin response to uterine exudates 


Pseudopregnant Ovariectomized 


Dye Dye Dye 
colora Leukocytic colora Leukocytic colora 
tion infiltration tion infiltration tion 
4 5.2 5.8 5.2 0.8 
3.9 6.3 4.7 4a 1.2 
4.3 7.7 6.7 4.5 1 
at four hours: estrous rabbits, 256,000,000 


pseudopregnant rabbits, 12,000,000; ovariectomized rabbits, 38,000,000. (Numbers of leukocytes in one 
and two-hour flushings were negligible.) 
Clearance of Esch. coli from u*erine byonens; in estrous an! ovarie*'omized rabbits, slight at one and 


two hours, nearly complete at four hours; 
* Values represent degrees of leukocytic 


in pseudopregnant rabbits, slight at each time interval. 
infiltration or dye coloration graded on a scale from 0 to 8 


Figures in parentheses indicate number of rabbits in the group. 


The injection of uterine inflammatory 
exudates into skin of other rabbits evoked 
a marked leukocytic response. However, 
there was no indication that ovarian hor- 
mones influenced the leukocytic response 
by controlling the amount of leukotaxic 
substances in the uterine lumens. In gen- 
eral, exudates from the pseudopregnant 


donors evoked the greatest leukocytie re- 
sponse in skin, but the influx of leukocytes 
into the uterine lumens was slowest in these 
rabbits. 


Exudates collected from estrous 


evoked by inflammatory exudates, suggest- 
ing that leukotaxie substances were being 
produced during the inflammatory process, 
either by the uterine tissues, Esch. coli, or 
both. ‘It was readily apparent that the 
leukotaxie substances in the uterine flush- 
ings did not come from one source only. 
Capillary permeability, as measured by 
blue coloration of the skin, was changed 
markedly by some of the exudates (Table 
i). Exudates obtained at each time inter- 
val from pseudopregnant rabbits caused 


. 
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intense blue coloration over an area 1 to 
2 em. in diameter. One-hour estrous rab- 
bit exudates induced only limited dye dif- 
fusion, but two- and four-hour exudates 
caused considerable coloration. Exudates 
from ovariectomized rabbits, even those ob- 
tained four hours after uterine inoculation, 
had little effect on capillary permeability. 

The uterine contents of estrous and pseu- 
dopregnant rabbits had an earlier and 
greater capacity to increase capillary per- 
meability than did exudates from ovariec- 
tomized rabbits. Diapedesis of leukocytes 
also oceurred slightly earlier in estrous and 
pseudopregnant rabbits. Beyond this pos- 
sible cause and effect, there was no evidence 
that endocrine control of the leukoeytie re- 
sponse was achieved through an effect on 
the ability of the uterine contents to change 
capillary permeability. 

The substances which increased capillary 
permeability were apparently produced in 
the uterus. Neither saline solution nor 
supernatant fluids of Esch. coli suspensions 
affected capillary permeability. Flushings 
from uninoculated horns of pseudopreg- 
nant rabbits increased capillary permea- 
bility markedly; those from estrous or 
ovariectomized rabbits did not. 

Flushings from inoculated horns of es- 
trous and pseudopregnant rabbits might 
contain disproportionate amounts of two 
substances or groups of substances: those 
leukotaxic in skin only and those active in 
both the skin and uterus. If so, exudates 
of pseudopregnant rabbits might attract 
more leukocytes when injected into skin, 
even though exudates of estrous rabbits 
might draw more leukocytes into the uterus 
during inflammation. Leukotaxie proper- 
ties of exudates from estrous and pseudo- 
pregnant rabbits were therefore compared 
in the uterus. 


Experiment 2—Leukotaxic Properties of Exudates 
When Tested in Uterine Lumens 

Methods. 
pairs of 
after 
two hours 


from two 


rabbits 


collected 
pseudopregnant 


Exudates were 


estrous and one 


hour uterine inoculation and from six pairs 


ifter that 
leukotaxie substances which caused differences 


inoculation. Ti was assumed 
any 
in the leukocytie response between two and four 
hours would likely be present in two hours. 


Uterine flushings were handled as described pre 


viously. Flushings from inoculated horns only 


used. Each pair of exudates was tested in 
from 
oculated horn being injected into one ligated horn 
of the recipient rabbit. tested in 


were 


the same rabbit, the entire exudate one in 


Exudates were 
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both estrous and pseudopregnant rabbit uteri. 
Recipient rabbits were killed four hours after exu- 
date injection, and the degree of leukocytic infil 
tration of the uterine tissues was rated numerically. 

Results —Exudates from both estrous 
and pseudopregnant rabbits evoked a mod- 
erate leukocytic response in the uterus. In 
general, exudates from pseudopregnant 
rabbits were slightly more leukotaxic than 
were from ones (Table 2), 


those estrous 


TABLE 2—The Leukocytic Response to Uterine 

Inoculatior of Rabbits with Escherichia coli and 

the Response in Uteri to Cell-Free Exudates from 
the Inoculated Uterine Horns 


Leukocytic infiltration of 


tesponse 
exudate-donor uteri Respon 


Response to pseudo- 
to estrous pregnant 
rabbit rabbit 
exudates exudates 


Pseudo 
pregnant 
rabbits 


Hours of 
inflam 
mation 


Estrous 
rabbits 
1 1.0(2)* 7(2 3.2 4.0 
2 4.3(6) 2.7(6) 4.5 4.8 


* Number of rabbits in the group is shown in parentheses. 


whether the exudates were assayed in es- 
trous or pseudopregnant rabbits. 

As in the previous experiment, uteri of 
the estrous exudate donors were infiltrated 
the most heavily with polymorphonuclear 
leukocytes (Table 2). The response to uter- 
ine inoculation in exudate-donors of the 
two endocrine states was independent of the 
leukotaxie properties of the uterine con- 
tents (P<0.02, as measured statistically). 

Endocrine Effects on the Leukocytic Re- 
sponse.—Thie pattern of leukocytic response 
in exudate-donors of the three endocrine 
states confirmed previous observations that 
ovarian hormones influence two phases of 
the response: (1) the migration of leuko- 
cytes from blood vessels® and (2) the 
passage of leukocytes into the uterine 
lumen.* 

It appears that both estrogen and proges- 
tin (estrogen to a greater degree) promote 
conditions favorable to a rapid migration 
of leukocytes into the uterine tissues after 
experimental inoculation. Both estrous and 
pseudopregnant rabbits had greater initial 
tissue leukocytosis than did ovariectomized 
rabbits (one- and two-hour values for 
leukocytie infiltration of exudate donors, 
Table 1 

The initial tissue leukocytosis in pseudo- 
pregnant rabbits was intermediate between 
that in estrous and ovariectomized rabbits, 
but pseudopregnant rabbits had the fewest 
leukocytes in the uterine lumens at four 
hours. This suggests that the passage of 
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leukocytes through the uterine tissues was 
inhibited in pseudopregnant rabbits, pre- 
sumably through some action of progestin. 
A direct effect of progestin on leukocytes 
cannot be ruled out, but it seems more likely 
that the hormone affects leukocytic migra- 
tion in some other way. It may be relevant 
that in estrous and ovariectomized rabbits 
two thirds of the total endometrial water 
is extracellular, but in progesterone-influ- 
enced rabbits about one third is extracellu- 
lar. The relatively small extracellular 
water volume in pseudopregnant rabbits 
might impede leukocytie migration. 


Discussion 


It is not known whether the noneellular 
‘*leukotaxic’’ substances present in rabbit 
uteri were essential for initiation and main- 
tenance of the leukocytic response. Prob- 
ably the response was at least intensified by 
their presence. It was apparent, however, 
that ovarian hormones did not primarily 
influence the uterine defense through the 
gross amounts of these substances in the 
uterine lumens. Rather, the results suggest 
that ovarian hormones act through other 
tissues or mechanisms participating in the 
inflammatory response. 

A variety of biologic substances have 
been shown to cause a leukoecytic response 
when injected into animal tissues (see re- 
view by Harris*). It is therefore unlikely 
that the substances which evoked a leuko- 
cytic response in these rabbits were homo- 
geneous in nature. Whether any or all of 
the ‘‘leukotaxic’’ substances had a specific 
attraction for leukocytes is not known. 


SUMMARIO IN INTERLINGUA 


The substances in the uterine ey ‘lates 
which evoked a leukocytic respons. and 
those which increased capillary permea- 
bility could have been identical to a limited 
degree only. All or nearly all of the per- 
meability-affecting substances were pro- 
duced in the uterus; a like proportion of 
the leukotaxic substances were not. Fur- 
ther, these two properties of the exudates 
were not always proportional (Table 1). 
Likewise, Spector and Story * found no cor- 
relation between the ability of mouse uter- 
ine extracts to cause leukocytie emigration 
and increase capillary permeability to try- 
pan blue. 
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Le Proprietates Leucotaxic de Exsudatos Uterin, in Relation al 
Endocrinmente Regulate Mechanismo de Defensa Uterin 


Conilias esseva sacrificate un, duo, e quatro horas post le inoculation experimental de 


Escherichia coli. 


Le influxo de leucocytos ad in le lumines uterin esseva le plus rapide e le 


plus intense in conilias in estro e declinava progressivemente in ovariectomisatas e pseudo- 
pregnantes. Tamen, acellular eluitos uterin ab le conilias pseudopregnante evocava le plus 
grande responsa leucocytic in le pelle de conilios e in uteros de conilias e augmentava le 


permeabilitate capillari del pelle le plus marcatemente. 
primarimente per 


hormonal del defensas uterin es complite 


Le resultatos suggere que le regulation 
mechanismos altere que le 


eapacitate del contento uterin de attraher leucocytos o de augmentar le permeabilitate capillari. 
Esseva obtenite indicationes additional que progestinas inhibi le passage de leucocytos a 
transverso le tissu uterin. 
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Scientific Notes 


Electron Microscopic Observations of a Mucoid 


Strain of Vibrio fetus 


Henry James Werner, Ph.D.; Helen Levy, B.S.; Ben O. Spurlock 


This investigation represents the first atternpt at 
examining the cyto-architecture of Vibrio fetus by 
electron microscopy of ultrathin sections. Rhoades ™ 
used a shadow-casting technique in conjunction 
with the electron microscope. His work was con- 
cerned primarily with the external morphology of 
Vibrio fetus. 


Materials and Methods 

The cells were grown in a Roux flask in 250 ml. 
of Brucella broth (Albimi), and the inoculum was 
4 ml. of a three-day culture in Brucella broth (con- 
taining 0.1% agar). Approximately 10% CO: was 
introduced into the flask atmosphere and the cul- 
ture was incubated for four days at 37 C. The cells 
were harvested for ten minutes and then washed 
three times in physiologic saline solution buffered 
at pH 7.0. 

The cells were fixed in 1.0% solution of osmium 
tetroxide in veronal-acetate buffer (pH 7.5) for one 
hour at 4C. The osmolarity of the fixative was 
adjusted with sucrose. The cells were then rinsed 
in distilled water, dehydrated in a graded series of 
methanol, and embedded in a 1:3 mixture of methyl 
and n-butyl methacrylates. Polymerization was 
carried out at 45 C. Sections were cut with glass 
knives in an ultra-microtome and mounted on 
Formvar-coated grids. 


Results and Discussion 

Immediately apparent around the cells was a 
capsular residue (Fig. 1, A). Using Anthony's 
capsule stain,* a positive reaction for a mucoid cap- 
sule was obtained. Chapman* reported the cell 
membranes of certain bacteria as being composed of 
two dense membranes separated by a member of 
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less density. Kellenberger “ reported a multilayered 
cell membrane in Escherichia coli. Such is certainly 
not the case in V. fetus. We had to stain with 
heavy metals according to the technique described 
by Watson “ in order to demonstrate the cell mem- 
brane which appeared even then as only a very 
delicate delimiting membrane (Fig. 1, B). The most 
obvious structures in the cytoplasm were the rather 
uniformly dense particles (Fig. 1, C). Grula® 
identified similar electron-opaque granules (volutin) 
composed of metaphosphate or another form of 
inorganic phosphate, some fat, and small amounts 
of protein. Hickman’ and Vatter™ both inter- 
preted similar opaque, high-density particles as 
polyphosphates. 

The cytoplasm of V. fetus, except for the pres- 
ence of these particles, was found to be uniformly 
granular. At this point, one can merely speculate 
on their nature. Perhaps these cytoplasmic granules 
correspond to the 40 S particulate fraction (cellular 
ribonucleic acid of Schachman et al.” At a magnifi- 
cation of 89,000 diameters, we could find no struc- 
tures comparable to the chromatophores of Vatter,"* 
the site of glycogen granules of Cedergren,” the 
vesicles (fat vacuoles) of Smith,” or the mito- 
chondria equivalents of Niklowitz.” 

At D (Fig. 1) is an electron-lucid area. This we 
interpret as a region equivalent to a nucleus. In 
no instance has a nuclear membrane been seen. 
Vibrio fetus evidently has what Ehret® refers to 
as a one-envelope level of organization. In contra- 
distinction to an elongate nuclear region of various 
bacteria as described by Caro et al.,’ this region of 
V. fetus is spherical and circumscribed. The con- 
tents of the nuclear equivalent region of Vibrio 
fetus is finely granular, never fibrillar as in the 
desoxyribose mucleic acid-containing plasms re- 
ported by Kellenberger et al.° 


Summary 

The cyto-architecture of Vibrio fetus was found 
to be relatively simple, with a one-envelope level of 
organization. The cell consists of a very delicate, 
single-layer cell membrane; a finely granular cyto- 
plasm with electron-dense bodies, probably poly- 
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Fig. 1—Electron micrographs of ultrathin sections of Vibrio fetus. (A) Capsular residue: reacted 

positively to a mucoid stain; (B) cell membrane: a delicate single-layered membrane; (C) gran- 

ules: presumably containing polyphosphates; (D) nuclear area: no nuclear membrane could be 
demonstrated. 


phosphates; and an electron-lucid area, correspond- ® Chapman, George B.: Electron Microscopy of Ultra 
thin Sections of Bacteria. J. Bact., 78, (1959): 96 
ing to a nucleus, devoid of a nuclear membrane. 


* Conn, H. J., Bartholomew, J. W., and Jennison, M. W 
Staining Methods. Manual of Microbiologic Methods 
References McGraw-Hill Book Co., New York (1951): 29 
Caro, Lucien G., van Tubergen, R. P., and Forro, 5 Ehret, Charles F Organelle Systems and Biologica 
Frederick, Ir.: The Localization of Desoxyribonucleic Acid Organization. Science, 132, (1960): 115 
in Escherichia coli J. Biophy. & Biochem. Cytol., 4, ® Grula, E. A., and Hartsell, S. E.: Intracellular Structures 
(1958): 491 in Caulabacter Vibriodes. J. Bact., 68, (1954): 498. 
Cedergren, B., and Holme, T.: On the Glycogen in 7 Hickman, Donald D., and Frenkel, Albert W The 
Escherichia coli B Electron Microscopy of Ultra-thin Structure of Rhodospirillum rubrum. J. Biophy. & Biochem 
Sections of Cells. J. Ultra Res., 3, (1959): 70 Cytol., 6, (1959): 277 


1122 
| 
A 
* 
ba, 
< < 
va 
4 
“ 
D 
+; 
Tho 
Al 
> 


AM. J. VET. RES. 
NOVEMBER, 1961 


Kellenberger, E., 
plasmic Membrane of Escherichia coli. J 
Biochem. Cytol. 4, (1958): 323. 

® Kellenberger, Edouard, Ryter, Antionette, and Sechaud, 
Jamine: Electron Microscope Study of DNA-Containing 
Plasms. J. Biophysic. & Biochem. Cytol. 4, (1958): 671. 

10 Niklowitz, Werner: Mitochondrienadquivalente Bei 
Escherichia coli. Zentralbl Bakt. 12, (1958): 178. 

1. Rhoades, Harry E.: The Illustration of the Morphology 
of Vibrio fetus by Electron Microscopy. Am. J. Vet. Res. 
15, (1954): 630 


and Ryter, A.: Cell Wall and Cyto- 
Biophysic. & 


SUMMARIO IN INTERLINGUA 


SCIENTIFIC NOTES 


1123 


12 Schachman, H. K., Pardee, A. B., and Stanier, R. Y.: 
Studies on the Macromolecular Organization of Microbial 
Cells. Arch. Biochem. Biophysics. 38, (1952): 245. 

18 Smith, Kenneth R., and Smith, Gerald R.: An Electron 
Microscope Study of Methionine Deficient Escherichia coli. 
J. Ultra Res. 4, (1960): 213 

4 Vatter, A. E., and Wolfe, R. S.: Structure of Photo- 
synthetic Bacteria. J. Bact. 75, (1958): 480. 

15 Watson, M. L.: Staining of Tissue Sections for Electron 
Microscopy with Heavy Metals. J. Biophys. & Biochem 
Cytol. 4, (1958): 475 


Observationes per Microscopia Electronic in un Racia Mucoide Vibrio fetus 


Esseva trovate que le cyto-architectura de Vibrio fetus es relativemente simple, con un 


nivello de organisation characterisate per un sol inveloppe. 


Le cellula consiste de un delicatis- 


sime e unistratate membrana cellular, de un finmente granular cytoplasma con corpores 
electrono-opac (probabilemente polyphosphatos), e un area electrono-lucide que corresponde 
a un nucleo sec que es disproviste de un membrana nucleari. 


The Intestinal Fluke (Fasciolopsis buski) in a Monkey 


H. A. Hartman, D.V.M., M.Sc. 


The use of the rhesus monkey (Macaca mulatta) 
in countless medical research projects has con- 
fronted investigators with numerous parasitic spe- 
cies with which they must become familiar to 
evaluate data obtained through experimental pro- 
cedures. It is the purpose of this report to describe 
the occurrence of the intestinal fluke Fasciolopsis 
buski * in the stomach of a rhesus monkey and to 
mention other parasites found in this monkey. 

A review of medical and biological literature re- 
veals only a single mention of F. buski ova in the 
monkey.” This report described the presence of the 
ova in the feces of a monkey in a group of 149 
being conditioned prior to distribution to research 
laboratories; no mention of the adult form was 
made. It is possible that these were ova of F. 
hepatica, since they are difficult to differentiate 
from those of F. buski.* At the time of identifica- 
tion, it was stated that no previous report of this 
trematode in the rhesus monkey had been made.’ 

While it to encounter the other 
species described in this paper, it was felt that the 
parasites observed in this single animal formed an 
interesting collection and were worthy of mention. 


is not unusual 
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The monkey host of the parasitic species de- 
scribed in this report was a female M. mulatta 
weighing 2,500 Gm. At the time of necropsy, the 
monkey was in relatively good physical condition. 
She had been in captivity at least eight to 12 
months. 

Upon opening the stomach, a large biood-red 
trematode and 3 gray-yellow nematodes were ob- 
served attached to the gastric mucosa (Fig. 1). 
The trematode was ovoid and measured approxi- 
mately 2 cm. at its widest point, 3 to 3 cm. long, 
and 3 to 6 mm. thick. It was alive and contracted 
vigorously while being examined and manipulated 
for photographic purposes. Only when immersed in 
fixative did the parasite release its attachment to 
the gastric mucosa. A few isolated focal areas of 
congestion, | to 2 mm. in diameter, were observed 
It is likely that these were 
former sites of attachment by the trematode since 
the nematodes, tumefaciens, ' 
deeply embedded in the mucosa. The nematodes 
were 4 to 5 cm. long and 2 mm. in diameter. No 
clinical or gross evidence of gastroenteritis attrib- 
utable to these parasites was found 


in the gastric mucosa. 


Physaloptera were 


Other parasites, or lesions resulting from them, 
observed at necropsy were Oesophagostomum sp 
in the cecum and large intestine and Pneumonyssus 
sp. in the lung. Trematode ova were not observed 
in the feces. 

Portions of all body tissues were collected from 
this monkey and placed in buffered formalin im- 
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mediately after death for histopathologic study. 
They were embedded in paraffin; cut at 6 wu, and 
stained with hematoxylin and eosin. 

During the routine histopathologic examination, 
other parasite species were found. Miescher’s tubes 
of the Sarcocystis sp. were present in unusually 
high concentrations in muscles of the tongue, 
esophagus, limbs, and sublumbar region (Fig. 2, 5, 
6); there were no host reactions to them. The aver- 
age size of the Miescher’s tubes was 80 to 90 u in 
diameter. The length averaged 300 to 500 u, oc- 
casionally reaching 1,000 to 1,100 u. Close exami- 
nation of cardiac and smooth muscle revealed no 
evidence of Sarcocystis infection. 

Gongylonema sp.° was observed microscopically 
in the epithelia of the tongue and esophagus (Fig. 
2-4). The nematodes were approximately 170 u 
in diameter. No evidence of host reaction was 
present at either location. 

Numerous granulomas resulting from the migrat- 
ing larvae of the Oesophagostomum sp. were pres- 
ent in sections of the large intestine, cecum, and 
mesenteric lymph nodes. Granulomatous reactions 
to these parasites were found in the submucosa, 
in well-circumscribed lesions 
In several 


muscle layers, and 
located in the subserosa and mesentery. 
instances, wide tracts of granulomatous inflamma- 
tion extended through the entire muscle wall. 

Lesions of pulmonary ascariasis were found during 
gross and microscopic examinations. Lesions of this 
type are common to M. mulatt&. They were char- 
acterized by bronchiolar dilatation, peribronchiolar 
lymphoid hyperplasia, pigment-laden macrophages, 
and peribronchiolar muscular hypertrophy. Para- 
sites are frequently seen within these lesions or 
embedded in the thickened bronchiolar wall; how- 
ever, in this animal they were present only in one 
unaffected bronchiole. 

Examination of the stomach revealed occasional 
small focal ulcerations of the mucosa with small 
granulomatous reactions in the submucosa, probably 


caused by Physaloptera sp. Eosinophils were not 
conspicuous in adjacent tissues. 


Life Cycle of Fasciolopsis buski 

Fasciolopsis buski is a trematode frequently re- 
ported in man and swine in southern China, India, 
Sumatra, Straits Settlements, Borneo, and Thailand. 
It is commonly referred to as the Oriental giant 
intestinal fluke, or giant intestinal fluke of man 
and swine.” * 

The adult inhabits the small intestine and oc- 
casionally the stomach. Egg production capacity is 
estimated at about 25,000 per day. Ova found 
in the stool are unembryonated and oval; they 
measure 130 to 140 u by 80 to 85 uw. They have 
a thin transparent shell and a slightly convex 
operculum. Approximately three to seven weeks 
are required for the eggs to hatch in warm water. 
The infective larvae then enter snails, where they 
develop into sporocysts. Two generations of rediae 
develop from these sporocysts. The second genera- 
tion produces a large number of cercariae which 
escape from the snail and eventually become en- 
cysted on aquatic vegetation as metacercariae.* 
The period spent in the snail is about two months. 

Human infection results via the oral route during 
the ingestion of the water buffalo nut or water 
chestnut. In the Orient, the hulls of these nuts are 
frequently removed with the teeth. The metacer- 
cariae are swallowed and eventually develop into 
larvae which attach to the mucosa of the small 
intestine and develop into mature trematodes in 
about three months.* The use of human excreta as 
fertilizer for aquatic plants maintains a high level 
of infective larvae for the molluscan stage of the 
life cycle.* 

Because of the obscure history of the average 
rhesus monkey from the time of capture to arrival at 
the laboratory, one can only speculate as to the 
time and source of infection of the monkey re- 
ported here. 


Legend for Figures on Opposite Page 


Fig. 1—Fasciolopsis buski and Physaloptera tumefaciens attached to the gastric mucosa of the 
monkey. The scale is in inches. 


Fig. 2—Gongylonema sp. in the esophagus; cross sections of 3 nematodes are visible in the 


epithelium. 


Miescher’s tubes of Sarcocystis are present in peripheral skeletal muscle (arrows). 


H & E stain; x 12. 
Fig. 3—-Gongylonema sp. in tongue epithelium. H & E stain; x 370. 


Fig. 4—Gongylonema sp. in esophageal epithelium. H & E stain; x 70. 


Fig. 5—-Sarcocystis sp. in skeletal muscle; notice high concentration of Miescher's tubes. H & E 
stain; x 12. 


Fig. 6—Sarcocystis sp. in skeletal muscle. H & E stain; x 465. 
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Pathogenicity in Man 

Small numbers of F. buski produce few or no 
intestinal signs; however, infections are frequently 
caused by dozens or even hundreds of adults. The 
presence of large numbers of this trematode pro- 
duces mucosal ulceration, acute obst-uction, anid 
absorption of toxic metabolites. Typically, anorexia, 
nausea, and vomiting occur; edema of the face, 
abdomen, and lower extremities and extreme 
eosinophilia are common. Fetid diarrhea, contain- 
ing partially digested food, also occurs.* * 


Summary 
The intestinal fluke, Fasciolopsis buski, was found 
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in the stomach of a rhesus monkey. It is also a 
parasite in man. Other parasitic species observed 
in this monkey were Physaloptera, Sarcocystis, Gon- 
gylonema, Oesophagostomum, and Pneumonyssus. 
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Le Distoma Intestinal (Fasciolopsis buski) in un Simiano 


Le distoma intestinal, Fasciolopsis buski, esseva trovate in le stomacho de un rheso. 
Altere species parasitic observate in iste simiano 


distoma es etiam un parasito in humanos 


Iste 


esseva Physaloptera, Sarcocystis, Gongylonema, Oesophagostomum, e Pneumonyssus. 


The Protozoan Parasite, Klossiella equi, in the Mexican Burro 


H. A. Hartman, D.V.M., M.Sc. 


The intracellular phases in the life cycle of the 
protozoan parasite, Klossiella equi, have been de- 
scribed in detail in the zebra* and American jack- 
ass.” Other members of the same genus have been 
reported and described in the mouse, guinea pig, 
and jerboa.*** It is the purpose of this report to 
describe K. equi in burros, to compare the observa- 
tions made in the burro with those previously de- 
scribed in the zebra and American jackass, and to 
illustrate sporozoites within the mature spores. 

The burros were part of a herd maintained for 
laboratory purposes. As nearly as can be deter- 
mined, these animals originated in the states of 
Tamaulipas and Nueva Leon, Mexico. The animals 
had been in the United States for two to 18 months. 

Following experimental use, postmortem exami- 
nations were performed immediately after death. 
Tissues were placed in buffered formalin. Sections 
were cut 6 uw thick and stained with hematoxylin 
and eosin. 

Routine histopathologic examinations were per- 


formed on 14 animals, 13 of which were males. 
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Klossiella equi in all stages of intracellular de 
velopment was recognized in 8 male anima!s. Ran- 
dom sections had been taken from both kidneys 
Sections of liver and spleen were carefully studied; 
results were negative for this parasite. 


Intracellular Stages in the Development 
of Klossiella equi 

A summary of the intracellular (sporogony) stages 
previously described *° and illustrated in this report 
by the author, follows: 

Uninuclear Phase.- —A mass of reticulated prot« 
plasm about 7 by 9 uw is present in a cytoplasmic 
vacuole of an enlarged renal epithelial cell (Fig 
1A). Nuclei are observed in the periphery of these 
masses (Fig. 2B). In approximately 25% of the 
vacuoles, | u signet-ring bodies are adjacent to the 
reticulated masses (Fig. 1B). It was suggested that 
these were the micro and macrogametocytes 

Uninuclear Englargement Phase.—The protoplas 
mic masses eniarge and chromatin material become 
more conspicuous (Fig. 2C); it gradually assumes a 
peripheral arrangement. 

Peripheral Budding Phase.—As the intracytoplas 
mic masses increase in diameter, bud-like projec 
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Fig. 1—Several early uninuclear masses within vacuolated epithelial cells (A). Minute basophilic 
(signet-ring) bodies adjacent to protoplasmic masses (B). H & E stain; x 410. 


Fig. 2—Peripherail nuclear mass (A) in early uninuclear phase (B). Larger spherical mass of 
reticulated protoplasm (C) with peripheral accumulations of chromatin (D). H & E stain; x 730. 


Fig. 3—Early budding stages—large central protoplasmic masses (A) with small peripheral buds 
(B); immature spores from a ruptured cell (C); notice greatly distended cell wall (D). H & E stain; 
x 425. 

Fig. 4—Intermediate budding stage—peripheral arrangement of buds (A), radiating from a 
central protoplasmic mass (B). Each bud contains dark nuclear mass. H & E stain; x 585. 
Fig. 5——Mature spores containing neatly arranged sporozoites (A). The two inserts (B & C) are 
focused at different levels in the same field as (A) to illustrate better the individual sporozoites 
and nuclear masses in each. Irregular arrangement of sporozoites nuclei in other spores illus- 
trated (D). H & E stain; x 830. 

Fig. 6—Renal tubule displaying all stages of intracellular development. H & E stain; x 190. 


; 
, é 
| AY J ry 
« 4 


H. A. HartTMan 


Am. J. Ver. Rus. 
___ NOveMser, 1961 


tions develop at the periphery (Fig. 3B and 4A). 
Within each bud there is a deeply basophilic mass 
of nuclear material. The buds increase in size and 
develop into spores. As the spores develop, the 
central mass of protoplasm gradually diminishes. 

Oocyst Phase.—The host epithelial cell appears 
as a large sac with numerous spores (25 to 40) 
(Fig. 5, 6). 


Sporozoite Phase.—Within each spore, the dis- 
crete basophilic granules (Fig. 5) are thought to be 
sporozoites, although they are stained with diffi- 
culty. 

The forms of K. equi present in the renal epithe- 
lium of the loop of Henle and medullary rays are 
thought to be the sporogony phase. 


Discussion 

The K. equi observed in the burros reported here 
were identical to those described in the zebra and 
American jackass. 

The signet-ring bodies previously described * in 
25% of the vacuolated epithelial cells were found 
in several animals (Fig. 1B). However, the frequency 
of their occurrence was irregular. In some burros, 
the bodies were difficult to find, in others they 
were conspicuous; in some instances two or three 
bodies were observed per vacuole. An accurate es- 
timate of the number of vacuoles contairing the 
minute bodies could not be made. 

Numerous cysts containing spores were observed, 
but relatively few neatly arranged clusters of 
sporozoites were seen within individual spores (Fig. 
5A, B, ©). In most cases, the spores contained 
numerous, discrete basophilic granules which ap- 
peared to be the nuclei of the sporozoites (Fig. 5D). 
The fact that only a few cysts displayed this neat 
arrangement of sporozoites could be the result of 
several factors, including the presence of more 
numerous immature spores or early cyst rupture. 

It has been suggested that the debris present in 
the collecting tubules contains mature sporozoites.” 
The amorphous debris observed in the tubules of 
Klossiella-parasitized and nonaffected burros, was 
similar in nature and amount. If one assumes that 
the parasitized renal cell ruptures to release the 
intact spores or the mature sporozoites into the 
lumen, the existing tubular debris could mask the 
sporozoites. No forms comparable to spores or 
sporozoites were observed in the lumens. 


SUMMARIO IN INTERLINGUA 


The following special stains were used in an 
attempt to detect forms in the tubules and to study 
the intracellular stages: periodic acid Schiff, Gridley 
fungus, Brown and Brenn, Giemsa, oil red O, 
Gomori’s methanamine silver, and the Ziehl-Neelsen 
stain for acid-fast bacilli. Only the oil red O was 
specific for the intracytoplasmic stages; however, 
no evidence of parasitic forms was found in the 
lumens. In general, the hematoxylin and eosin 
stain proved superior for the detection and morpho- 
logic examination of this parasite. 

Although there was considerable difference in 
the degree of infection among the 8 animals, 
wherever the parasite was observed, the entire 
sporogenic cycle, as previously summarized, could 
be seen. In some animals, sites of parasitism were 
difficult to detect, while in others they were con- 
spicuous and wide spread (Fig. 6). 

Although it is obvious that infection by K. equi 
results in destruction of renal epithelium, there is 
no evidence of resulting inflammatory response 
There was no significant dilatation of tubular struc- 
tures proximal to the site of parasitic lesions, which 
im many cases appeared capable of occluding the 
lumen (Fig. 3, 6). 


Summary 


Klossiella equi, the protozoan parasite previously 
described in the renal epithelium of the zebra and 
the American jackass, was observed in the kidneys 
of 8 of 14 Mexican burros. The stages of spor- 
ogony observed in the kidneys were comparable 
to those described in the other members of the 
equine species. 
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Le Parasito Protozoic Klossiella equi in le Burro Mexican 


Klossiella equi, le parasito protozoic previemente describite como occurrente in le epithelio 
renal del zebra e del asino american, esseva observate in le renes de 14 burros mexican. Le 
stadios de sporogonia observate in le renes del burros esseva comparabile a illos describite pro 


le altere membros del specie equin. 
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Research Tools 


Further information on these products may be 
obtained by writing to: Research Tools, American 
Association, 600 8. 


Veterinary Medical Michigan 


Ave, Chicago 4, Illinois. 


Disposable Plastic Aprons 


A long, disposable plastic apron (27 by 42 inches) 
is available from Busse Plastics Co. The apron, of 


opaque white vinyl, has bib and waist ties, has a 
linen-like ermbossed surface to retard the flow of 
drippings, and resists water -hemicals, soiling and 


staining 


Conductolyzer 


A new instrument for automatic resistance meas- 
uremer:is of streaming solutions has been designed 


by LKB Instruments, Inc. The 5300 Conducto- 
lyzer Conductivity Analyzer can be used where 
solution composition causes electrical conductance 
changes, such as from chromatography and electro- 
phoresis columns. 

Three continuous-flow cells cover a range of 
5 x 10° to 4 mhos, and have small hold-up vol- 
umes of from 0.02 to 0.05 ml. 
the circuit reduces the influence of varying cell 


A discriminator in 


RESEARCH 


TooLs 1129 


resistance. If impedance measurements are re- 
quired, connection can be made to a Z jack and 
qualitative measurements*can be gathered by si- 
multaneous comparison of R and Z curves. 


Polypropylene Cylinders 


A redesigned series of graduated cylinders, man- 
ufactured by Nalgene Co., Inc., are made of virgin 
polypropylene. The cylinders are accurate, break- 


proof, and chemical-resistant; they are available in 
seven sizes (25 to 2,000 ml.) and conform to 
National Bureau of Standards Class A specifications 
for dimensions and graduations. 
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Dog Carcass Bag bands, fused to the glass, allow immediate identi- 
fication of pipet size, accuracy in size selection, 


An inexpensive bag for disposal of dog*carcasses ee 
is produced by Busse Hospital Products. The--bag, and simplified sorting. 
30 by 48 inches, is made of heavy, laminated, 
creped, waterproof paper with leakproof seams. 


Transistorized Micro-Hematocrit 
An instantaneous, direct-reading, transistorized 
micro-hematocrit, the YSI Model 30 Electronic 
Micro-Hematocrit, has been released by the Yellow 
Springs Instrument Co:apany. The unit, which is 
battery-powered and portable, is based on the in- 


Color-Coded Pipets sulating capacity of red blood cells. Sufficient blood 
whole or heparinized, is pipetted into the hemato 
crit cell to fill the area between the electrodes 
(0.02 cc.). The cell is then placed between bras 
contacts, and a direct reading (in hematocrit per 
cent units) is immediately available. 


Color-coding of pipets for size identification has 
been announced by Kimble Glass Co. Thus far, 2 
pipets, a plain serologic pipet and a serologic pipet 
for cotton plugging, are available in color. Colored 


Warming Pad for Baby Pigs 


A thermostat-controlled warming pad (Pamper 
Pad, Inc.) maintains ideal body temperatures for 
baby pigs by supplying heat in balance with the 
heat generated by the baby pig. The mat is made of 
a rubber compound reinforced with nylon and rayon 
A bitter, non-torx - substance is milled into the 
rubber to discourage ~hewing by the sow or pigs 
The mat and the steel-. mored plug cable are re- 
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sistant to water, acid, and oil; the mat is immersible 


and nonporous to facilitate cleaning and steriliza- 
tion. 


Mounting Grids for Ultrathin 
Sectioning 
Grids for mounting ultrathin grids for electron 


microscopy are available from LKB Instruments, 


inc. The grids, made of copper by an electrolytic 
process, have a solid rim for easy handling. In ad- 
from 75 to 400, 
special patterns are available, such as grids with 


dition to standard mesh sizes 


single circular openings for serial mountings 
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Mobile Apparatus Support 


A Mobile-Rack, manufactured by Labline, Inc., 
is used for supporting heavy laboratory apparatus 
assemblies such as distillation columns and ex- 


tractors. Heavy double-sided channels and support 


rods are bolted together with slip-proof clamps to 
form a rigid frame which can be adjusted quickly. 
The unit can be used from both sides simultaneously 
and is mounted on four rubber-tired casters with 
built-in brakes which can be locked to maintain the 
rack position. 


Improved Laboratory Beakers 


Made of 
propylene, 


light-weight, laboratory-grade poly- 


beakers manufactured by the Nalge 
Company now incorporate an oval sandblasted area 
for easier identification marking. In addition, a 


new 2,000-mi 
increasing the size range from 30 to 2,000 mi 


size has been added to the line, 
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UO 
THE ‘THINGS 
WORTH KEEPING 


A boy keeps days like these 
all his life. Some day he'll 
trundle his own sons in a 
barrow too—remembering 
the jolly, peaceful man-to- 
man times spent with his 
father. 

So many precious things 
like this depend on peace. 
And peace depends upon so 
many things. For instance: 
peace costs money. 

Money for strength to keep 
the peace. Money for science 
and education to help make 
peace lasting. And money 
saved bv individuals to keep 
our economy sound. 

Every U.S. Savings Bond 
you buy helps provide money 
for our country’s Peace Power 
—the power that helps us 
keep the things worth 
keeping. 

Are you buying as many 
Bonds as you might? 


Photograph by Harold Halma 


HELP STRENGTHEN AMERICA’S PEACE POWER 


BUY U.S. SAVINGS BONDS 


«one 
The U.S. Government does not pay for this advertising. The Treasury Department thanks g 
The Advertising Council and this magazine for their patriotic donation. e 
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SANBORN” OPTICAL OSCILLOGRAPHS 


NEW DIRECT-READOUT RECORDING SYSTEM 


In addition to wide-deflection traces that can overlap, 
and high frequency response, this new recorder pro- 
vides the special advantage of direct readout with no 
chemical developing necessary. Standard galvanometers 
cover a frequency range of 0 to 500 cycles, providing 
more than enough response for heart sounds, blood 
pressures, EEG, ECG, oximetry, dye dilution studies, 
plethysmograms, temperatures, etc. The Sanborn 350- 
1700B Heart Sound Preamplifier provides pre-em- 
phasis to extend the heart sound bandwidth to 1000 
cycles per second with standard 500 cycle galva- 
nometers. Galvanometers with a frequency range up 
to 2000 cps are available upon special request for such 
phenomena as EMG pulses, nerve pulses, etc. The Mod- 
el 658T uses an 8” chart, has 9 speeds from 1000 to 
2.5 mm/sec, timing lines at 0.1 and 1.0 sec intervals, 
beam interrupter for trace identification. Monitoring 
units may be included. 


8-Channel Photographic 
Model 558M Poly-Beam 


Versatile Poly-Beam system 
uses up to eight “350” pre- 
amplifiers; excellent perform- 
ance, full-scaie (15 cm) 
recording, reproducible traces; 
monitor units may be included. 


2-Channel Photographic Model 62 Twin-Beam 


Convenient table-top sys- 
tem provides 6 cm wide 
recordings plus electrical 
auscultation ; uses Twin- 


NEW 4-Channel Photographic System 
Model 564 Poly-B Beam amplifiers (ECG, 
ode oly-Beam pe Phono) or external amp- 
lification for additional 
Efficient system for up to 4 a phenomena; external 
channels, with excellent per- monitor units may be 
formance at minimum cost; used. 
wide application versatility 
by using “350” preampli- 
fiers; full-scale (15 em) The and line of heated stylus 
recording systems is avai of course, in addition to the 
recording with clear, repro- optical systems outlined above. For complete information call 
ducible traces. Monitoring the nearest Sanborn Branch Office or Service Agency — or 
2 write Manager, Research Instrument Sales: 
units may be mounted on 
-ahine meoicar SE)” oivision 
cabinet. 
SAN BOR 
175 Wyman St., WaithamS4, Massachusetts 
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GREATER 
PROTECTION 


AGAINST CANINE DISTEMPER 


e higher levels of protection than ever before 
reported’ e 98.1% protection of 8 to 10-week- 
old dogs—with two 1 cc. doses? e pro- 
nounced response to booster doses, even 
in dogs which already have significant anti- 
body levels. 


TISSUVAX D-H 


a significant advance in effective immunization 
of dogs against distemper and hepatitis 


References: 1. York, C. J.; Bittle, J. L.; Burch, G. R., and Jones, 
D. E.: Vet. Med. 55:30 (April) 1960. 2. York, C. J., and Burch, G. R.: 
J. Am. Vet. M. A. 138:298 (March 15) 1961. 


*Trademark for CANINE DISTEMPER VACCINE, Modified Live 
Virus, Chick Tissue Culture Origin, and INFECTIOUS CANINE 
HEPATITIS VACCINE, Modified Live Virus, Porcine Tissue Cul- 
ture Origin, Combined, Vacuum Dried. 


PITMAN-MOORE COMPANY «+ ALLIED LABORATORIES 
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